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ABSTRACT 


Burt Hill Kosar RitCelmann Associates has conducted a study to identify 
design requirements for photovoltaic modules and arrays used in commercial 
and industrial applications. 

Building codes and referenced standards were reviewed for their 
applicability to commercial and industrial photovoltaic array installation. 
Four general Installation types were identified - integral (replaces 
roofing), direct (mounted on top of roofing), stand-off (mounted away from 
roofing), and rack (for flat or low slope roofs, or ground mounted). Each 
of the generic mounting types can be used in vertical wall mounting systems. 
This implies eight mounting types exist in the commercial /indust rial sector. 
Installation costs were developed for these mounting types as a function of 
panel/module size. Cost drivers were identified. Studies were performed to 
identify optimum module shapes and sizes and operating voltage cost drivers. 
The general conclusion is that there are no perceived major obstacles to the 
use of photovoltaic modules in commercial/industrial arrays. However, there 
is no applicable building code category for photovoltaic modules and arrays 
and early additional work is needed with standards writing organizations to 
develop commercial module and array requirements . 

As some obstacles could make PV extremely costly, this report makes 
recommendations to the PV industry which will facilitate a more successful 
product entrance into the building industry. 
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nils report preaents the reaulta of a atudy conducted by Burt Hill Koaar 
Rittelmann Aaaociatea. ^e objective of the atudy waa to determine the deaign 
requirementa for comaercial/induatrial photovoltaic modulea and arraya. The 
approach used in accompliahing theae object ivea waa to review exiating building 
codes and their referenced atandarda for their applicability to commercial/ 
industrial ^otovoltaic nodule and array installations; to investigate the 
influence of other members of the building industry; to conduct studies of 
important attributes of the conmercial/industrial building to the array, and 
attributes of the modules and arraya to their installation; and to design and 
cost a number of array mounting installation types to determine cost drivers. 

The commercial/industrial building industry is large and comolex with many 
players «diose jurisdictions may overlap and whose interests may be diametri- 
cally opposed. Because of this, it is an industry which relies on laws~ 
building codes — to establish a minimum level of construction to protect the 
consumer. Supporting building codes (laws) are standards, which are voluntary 
and help interpret and measure the law, and manuals of accepted practice, idiich 
advocate appropriate installations and constructions. Interpretation of the 
laws (codes) is left with the local building code official, lAto may reject a 
product if, in his estimation, it does not meet code. To become a reality, 
conmercial/industrial modules, arrays and photovoltaic power systems will have 
to comply with this existing framework. 

To that end, existing building codes and their reference standards were reviewed 
to determine idiat, if any, applicable requirements may be imposed on photovol- 
taic modules and arrays. Although this review produced design implications for 
modules and arrays, one major result of the review is that there is no current 
building code category for photovoltaic power systems. Consequently, local 
building code officials can arbitrarily categorize modules and arrays so that 
undue restrictions or outright rejection can occur. In the early stages of 
photovoltaic development and implementation, code variances will be sought in 
order to permit their use. The variance procedure will require that the 
designers of the system and its components supply adequate data and information 
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on phocovol calcs, the sysCsm and Its hardware Co allow Che local building code 
officials Co assess ics safeCy for a given inscallacion. To prevenc che need 
for variances in Che fuCure, Che phocovolcaic module and componenc manufacCurers 
muse begin a dialog wich Che model code agencies for che inclusion of phocovol* 
caics in Che code. RequiremenCs for comnercial/indusCrial phocovolcaic power 
syscens and Cheir componencs should be developed by Che consensus process and, 
since Chis is a new evolving Cechnology, chese requiremenCs should be couched in 
Che language of performance scacemencs chac are flexible enough Co permic racher 
chan inhibic new Cechnology and developmenc. 

As Che code developmenc process is a lengChy one, phocovolcaic module and com- 
ponenC manufacCurers should begin immediacely Co incorporace inCo Cheir designs 
code accepCable feacures. UnCil adequaCe daCa is available for che code offi- 
cial Co assess Che safeCy feaCures of phoCovolCaic modules, ic is recommended 
chac Che design and applicaCion be limiced Co a single funecion, i.e. an 
eleccrical generaCor. The code requiremenCs become excremely sCringenc vAien 
addressing roof and wall sec Cions. This implies Che limiCed use of incegral 
mounCed phoCovolCaic modules which are shipped Co Che siCe as a composiCe mace- 
rial, consiscing of Che exCerior and inCerior skins of Che building. Therefore, 
simpliciCy in design and iCs applicaCion will allow Che code official, «dio may 
be uninformed wich regards Co phoCovolCaics and iCs applicaCion, Co assess 
safecy. In Che fuCure, as safeCy and performance daCa becomes available, Che 
module manufacCurer can address new markeCs by designing and fabricaCing 
mulci-funccion devices, a building produce as %iell as an elecCrical generaCor. 

As ic Cakes approximaCely four years Co modify Che NaCional ElecCrical Code 
(NEC), a phocovolcaic sub-commiccee has been esCablished Co generace appropriaCe 
code sCacemenCs for Che NEC, specifically addressing phoCovolCaics. The long 
Cerm classificacion of Che phocovolcaic syscem as a "PremamifacCurered icem wich 
InCernal Wiring" would offer Che mosC laCiCude for produce developmenc while 
scill preserving Che necessary safeCy requiremenCs. This will also insure 
facCory qualiCy wich regard Co inCernal panel wiring. 

In addicion, produce approval of modules is necessary for cheir evenCual 
accepCance by local building code officials. Early work is needed wich approved 
naCionally recognized cesCing laboraCories Co familiarize Chem wich phoCovolCaic 
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flK>dul««. (Underwriters' Laboretoriee, Inc., is currently under contract to the 
JPL/PSA project to investigate safety requirenents for modules and arrays.) 

Having identified the construction sequence, the participants in the building 
process and following the codes and standards review, studies of isiportant 
coonercial/industrial building and array attributes %iere conducted; and design 
and costing of possible array mounting configurations were performed. An 
investigation of the applications idiere photovoltaics were deemed most likely to 
be utilised in the near term and the code restrictions on such occupancies 
indicated similar restrictions on the design of photovoltaic modules and arrays. 
Therefore, the costs associated with installation of photovoltaics on these 
various occupancy types— shopping center, real estate office, dental office, 
high school and small machine shop— are not influenced by the specific 
application. Module costs were not considered. However, all peripheral costs 
associated with the support, installation, and wiring of modules to form arrays 
were studied. The array area was fixed at 14,400 square feet to permit 
normalization of the results. Parametric studies of varying array voltages, 
wire lengths, panel sizes and termination types were performed. The studies, as 
was the code standard review, were confined to the module and array and not to 
the entire photovoltaic system. 

In addition to the above mentioned parametric studies, an investigation as to 
the appropriate size and shape of the photovoltaic module and panel was 
performed. As a result of this study, it was determined that the module size 
providing the most flexibility in its ability to integrate with conventional 
industrial/conmercial structural systems would be a 4* x 5' nominal nodule. It 
is important to note that these are center line to center line dimensions and 
not actual module sizes. In addition to the module requirements, the maximum 
panel size was determined to be 8* x 40', which is the maximum allowable size 
which is transportable by truck on the open highway. In order to provide large 
panels which will be widely accepted by the design profession, visual, if r.ot 
functional flexibility, must be designed into a panel. Therefore, intra-panel 
joints become critical and should yield visual flexibility, allowing the 
designer of the building to provide visual sizes and shapes other than the 
supplied panel size and shape. This will eliminate the need for the 
photovoltaic panel supplier to manufacturer and inventory many panel sizes. 
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Froa these studies, It wee deteralned that so Integrally aounted errey, where 
the aodulee set ee the exterior end Interior skin of the building, will be 
required to aeet extreasly stringent code requlreasnts. Therefore, integrally 
aounted arrays and aodulas designed for such applications should not be con- 
sidered until adequate data on photovoltaic safety has been gathered. It was 
also deterained that a direct aounted array, wherein nodules are a waterproof 
aeabrane, conposed of 4* x S' aodulea incorporated in a 8* x 40* panel electri- 
cally connected using criap type connectors in a systea whose voltage is 600 
volts was optiaua froa a cost and aesthetic standpoint. The installed cost of 
this array configuration is estiaated to be $12.50 per square aster (1980 
dollars). Note that this cost is extreasly detail specific and does not include 
the cost of the nodule. Standoff and rack aounted arrays were considerably nore 
expensive ranging froa $15.52 to $24.00 per square aeter for the best cases. 

The additional costs associated with the rack and standoff nountlng concepts are 
a result of the increased materials required for the rack and standoff naterial. 

It is iaportant to note that life cycle cost effectiveness of a photovoltaic 
array suiy not be the onl.' requireaent a potential building owner will use when 
assessing the desirability of Installing photovoltaics ou a building. Typi- 
cally, developers, speculators and future owners of coaaercial/lndustrial 
buildings consider initial cost as far nore critical when asking a deteralnation 
about equipaent and building characteristics, and tend to ainlaise the life 
cycle cost aspect of their evaluation. This iaplles the need for an aggressive 
sales and aarketing ca^talgn by the photovoltaic aanufacturer and the building 
and systea designer. In addition, tax credits and depreciation allowances for 
photovoltaic systeas will play a key role in their potential cost effectiveness 
and acceptance in the coaaercial/ Indus trial sector. 

In a conaercial/industrial sector, unlike the residential sector, it will be 
possible to find photovoltaic aodules aounted on wall surfaces as well as roof 
surfaces. In this regard, the codes addressed the applications separately; and 
module aanufacturers will likewise be required to address wall aounted and roof 
aounted applications in their design process. Direct mounted roof applications 
will be considered roofing aateriala by building code inspectors. This is an 
advantage because roofing aaterials are required to be qualified by U.L. 790, 
**Tests for Fire Keslstance of Boof Covering Materials'*, Class A, B, or C, which 


1-4 


qualifies tha roofing aa an entity* The roof coiaposltea, exterior eurface. In 
tha coanerclal/lndustrlal sector , say conalst of any of tlia three roof covering 
classifications. A, B, or C, aa the critical feature of the roof la the overall 
coBpoalte fire rating and not the eurface aaterial* 

Standoff and rack aounted arrays any, ««hen aounted on walls, require flreatops 
behind the array to reduca the potential of flaae spread* In addition, 
considerations nuat be given to the penetrations which will occur as a result of 
racks and standoff and the probloa aaaoclated with waterproofing* As 
previously identified In the Residential Photovoltaic Requlreaents Study, 

OOE/JPL 9S5149>70/1, plastics are addressed In great detail In the codes; and 
their use should be carefully analysed and restricted as required by the code* 
Plastics must be In conforaance with a code^speclfled test, ASTM D635, 
"FlaoBBablllLy of Rigid Plastics Over C^OS Inches In Thickness*** 

A neana of grounding and lightning protection should be provided in order to 
protect personnel fron shock and the array from daaage associated with a nearby 
lightning strike. Work is currently underway at Underwriters' Laboratory to 
Identify the proper grounding and lightning protection systeas* 

Finally, nodules and arrays should be designed to be Balotenance**f ree and have a 
design life of 20 years or nore, which la consistent with roofing naterlals and 
building skin naterlals. As previously Identified to alnlalse tha aesthetic 
effects, flexibility nuat be provided In the panel design to provide sites and 
shape variations visually, while Halting the nuaber of panel sizes aanufactured 
and housed by the manufacturer. 


1-5 


SBCTION 2 
IHTIOOUCTIOH 


ThU r«porc docuamts « study of doolgn roqulroMOto for ^otouoltolc aoduloo 
and arrays used la coaasreial/ladustrlal/lastltuttonal applications* Ths study 
uas psrforasd by Burt Hill Kosar tlttslnsno Assoclatss for tha Baglnssrlnt Area 
of ths Jot Propulsion Lsboratory's Plat-Plata Solar Array Project under Contract 
Nunber 955698 as a part of ths U*8« Oepartnent of Bnsrgy's Solar Photovoltaic 
Conversion Progran. 

This study eaphaslses the need to and asans by uhlch the photovoltaic aanufac* 
turer can begin to understand the decision asking process for ths coaaerclel/ 
Industrlal/lnatltutlonal sectors psrtalnlng to the utilisation of photovoltaic 
aodules, panels and arrays* The study stteapts to take Into account present 
trends to predict coaaerclal/lndustrlal/lnstltutlonal building design require^ 
awnts for photovoltaic aodules and arrays* Ihs study Identifies participants 
who have an inpact on the utilisation of photovoltaic SMdules* and arrays* how 
and when they lapact the deslgn/coostructlon sequence and what the PV asnufac* 
turer can do tn alnlnlse each participant as a barrier to the widespread 
development of photovoltalc'gene rated power utilisation* 

The direct objectives of this study were: 

* Identify crucial points and participants In the building project 
sequence related to PV nodule and array utilisation* 

* Identify aechanlcal and electrical design requlreasnts for 
coaoMrclal/lndustrlal/lnstltutlonal photovoltaic aodules and arrays* 

* Identify salient size paranetecs for PV aodules and select optlaun 
exaaples* 

* Evaluate potential operating voltages for PV arrays* 

* Identify salient economic paraaeters and their effect on PV aodule and 
array design* Instaliatlon* operation and aalntenance* 
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To accomplish these objectives, the report acknowledges the realities of the 
building industry to the photovoltaic industry. Building codes, an important 
set of legal guidelines recognized by participants as the primary source of 
regulatory restraint, are reviewed (as are their referenced standards) for 
applicability to conmercial sector photovoltaic modules and array installations. 
Numerous variables impacting size, shape, materials or mounting configuration, 
are analyzed. Various array mounting configurations and potential users are 
studied to determine economic design criteria and resultant cost drivers. The 
results of this effort are presented in this report. 

2.1 TERMINOLOGY 


Terminology used in the final report are illustrated in Figure 2.1, These 
come from the preliminary set of photovoltaic terminology and definitions 
established in 1978 by members of the Photovoltaics Program. The term 
“Commercial Photovoltaic Power System” was not in the original definitions, 
but is provided for completeness. 


SOIAR CELl-THE lASIC PHOTOVOLTAIC 
DEVICE WHICH GENERATES ELECTRICITY 
WHEN EXPOSED TO SUNLIGHT 


MOOULE--THE SMALLEST COMPLETE, 
ENVIRONMENTALLY PROTECTED ASSEMBLY 
OF SOLAR CELLS AND OTHER COMPONENTS 
ONCLUDING ELECTRICAL TERMINATIONS) 
DESIGNED TO GENERATE DC POWER WHEN 
UNDER UNCONCENTRATED TERRESTRIAL SUN- 
LIGHT 


PANEL--A COLLEaiON OF ONE OR MORE 
MODULES FASTENED TOGETHER, FAaORY 
PREASSEMBLED AND WIRE), FORMING A 
FIELD INSTALLABLE UNIT 


ARRAY-A MECHANICALLY INTEGRATED 
ASSEMBLY OF MODULES TOGETHER WITH 
SUPPORT STRUCTURE AND OTHER COMPONENTS, 
AS REQUIRED, TO FORM A FIELD INSTALLED DC 
POWER PRODUCING UNIT 


BRANCH CIRCUIT-A NUMBER OF MODULES OR 
PARALLELED MODULES CONNEaED IN SERIES 
TO PROVIDE DC POWER AT THE SYSTEM 
VOLTAGE 


SOLAR CELL 



MODULE 



PHOTOVOLTAIC 
r POWER SYSTEM 


CX>*«nCIALPHOTOVOLTAIC POWER SYSHM— 
THE AGGREGATE OF ALL BRANCH CIRCUITS 
(ARRAY(S)) TOGETHER WITH AUXILIARY SYS- 
TEMS (POWER CONDITIONING, WIRING, PRO- 
TECTION, CONTROL, UTILITY INTERFACE) AND 
FACILITIES REQUIRED TO CONVERT TERRESTRIAL 
SUNLIGHT INTO ELECTRICAL ENERGY SUITABLE 
FOR CONNECTION TO A BUILDING'S 
ELECTRICAL DISTRIBUTION SYSTEM OR A 
UTILITY EUCTRIC POWER GRID 



POWER 
CONDITIONER 


IQ 

OD 


o 


Figure 2.1 


Conmercial Photovoltaic System Terminology 
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2.2 COST BASES 


Costs presented in the final report are expressed in 1980 constant dollars 
unless stated otherwise. 

2.3 UNITS 


Despite attempts to change it, the United States construction industry 
remains rooted in the English system of units. It is not anticipated that 
the conversion of the industry to SI units will be easy or painless. 

Almost all building codes and their referenced standards use English units. 
Rather than indiscriminantly convert all measurements to SI units, it was 
decided to leave the English units as best representative of the industry 
today. 
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SECTION 3 

BUILDING PROJECT SEQUENCE 

The PhoCovoltaic manufacturer oust address a wide variety of variables in the 
conmercial/industrial sector if modules, panels and arrays are to be accepted on 
a large scale. To address only "regulation" per se is to ignore some critical 
'reality of the building industry' issues. Before getting to an analysis of 
barriers to the widespread development of photovol talcs, it is advantageous to 
review the building construction progress sequence. Later sections of this 
report refer to this sequence often. The sequence itself is fairly consistent 
from one project to the next. It usually falls in this order: 

. Opportunity Assessment - Developer formulates an idea and solicits an 
Architect's services. 

. Feasibility Analysis - Financial and regulatory analysis are applied to 
the project. 

. Project Programming - Users and Technical Consultants provide design 
parameter input. 

. Design and Engineering - Architects and Engineers produce final 

drawings and specifications under the watchful eye of the Owner and 
Developer as well as Zoning and Code Authorities. 

. Costing/Bidding - Project is let out for bid to numerous Contractors 
who compete for the project construction contract. 

. Construction - Building is actually built by a variety of General 

Contractors, Sub-contractors and Trades people under the supervision of 
Zoning and Code Officials and the Owner through the Architect. 

. Occupancy/Operation - Tenants and Managing agents assume use of the 
completed building after the Code Official issues the Certificate of 
Occupancy. 

Figure 3.1 depicts the complexity of these overlapping participants. 

The complexity of the problem does not stop there. Figure 3.2 illustrates the 
magnitude of the number of actors involved nationally. Not only does the photo- 
voltaic manufacturer have to convince over ten key actors before a project may 
utilize the product, those actors are going to change from project to project. 
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The pertinent question asked in Figure 3.2 is "who controls building?". The 
answer is - it depends upon the tim frasK of the project in the construction 
sequence. There are obviously some critical points in the sequence where a 
decision for or against photovoltaics is a life or death one for the product. 
These will be identified below along with some strategies on how the 
photovoltaic manufacturer may encourage favorable decisions. These critical 
points occur where individual actors pass judgoKnt on the suitability of the 
product to achieve their own particular performance criteria. These may include 
efficiency, investment return, hazard to occupant, aesthetics, maintenance, 
liability risk, hazard to community, threat to established divisions of 
employment or even depreciation for tax purposes. 

Photovoltaic manufacturers must know at which point in the construction sequence 
to supply particular actors with particular information about PV products. 
Otherwise, PV manufacturers can only deluge all actors with all of the existing 
data pertinent to all possible criteria and hope the actors will read it. 

Another option may be to provide nothing and hope the appropriate actors ask. 
Neither of these alternatives is very palatable. Therefore, analysis of the 
building project sequence and the actors involved must identify the critical 
points mentioned above when specific actors need specific information about PV 
products. Once this is accomplished, each actor's decision must be considered a 
possible barrier to the utilization of photovoltaics. 

This report will subsequently describe strategies for: 

. Encouragement of decisions favoring the use of photovoltaics. 

. Encouragement of decisions not eliminating the use of photovoltaics. 

. Paths of further study where present strategies seem ambiguous or 
unclear. 

The image painted above seems to portray the building industry as the nine- 
headed Hydra which sprouts two more barriers for photovoltaic manufacturers to 
overcome for every one hurdled. However, there is one set of criteria which 
lends order and structure to this complex system, and takes priority over even 
economic criteria. These criteria are the assorted regulatory requirements 
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enacted within each of the 14,000 plus agencies listed under "Government" in 
Figure 3.24 Government Regulation forms the basic skeleton for the building 
industry. If we ignore the actors themselves for a moment and focus on a 
detailed view of the segment of the building project sequence from Design to 
Construction in Figure 3.3, it is easy to see that code and soning officials 
control, through an inspection/approval/permit issuance procedure, each 
step. 

Since regulatory compliance is necessary for any building to be constructed, 
it must always rank at the top of each actor's list of design criteria 
priorities. Therefore, it is necessary to comply with the codes; and the 
remainder of the criteria, economic, aesthetic, or technical, are less 
critical, although important. The following sections of this report will 
give descriptions of the building industry, the players involved, and an 
overview of building codes and standards. The primary focus will be on the 
building codes as they do or do not address photovoltaic modules, panels and 
arrays. As the codes do not address PV directly, interpretations of the 
codes will be discussed and the potential influence these may have on the 
design of PV modules, panels and arrays. 
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8BCTI0N 4 

PARTICIPANTS IN THE BUILOINC SEQUENCE 


The number of actor* in the coimercial building sector is iamense. They fall 
into broad categories outlined under the Building Project Sequence section in 
Figure 3.2. In the course of design and construction of a building, photovol- 
taic modules, panels and arrays must be scrutinised and evaluated by most of the 
actors in the process. These actors could include: 

. Architects 
. Engineers 
. Contractors 
. Subcontractors 
. Building Managers 
. Building Ovners 
. Developers 
. Bankers 

Insurance Carriers 
. Materials Suppliers 
. Code Officials 
. Zoning Officials 

Federal Safety Inspectors 
. Trade Unions 

Each of these actors has a varying asiount of influence over the building project 
and the materials and equipment which are used in the project. Only the deci- 
sion of these actors to exclude photovoltaic products, or the increase in cost 
of the product (through additional regulatory requiresients) stand as barriers to 
the utilization of photovoltaic* in conmercial/ industrial construction. Photo- 
voltaic manufacturers must both alert designers to the advantages of available 
products as twll as minimize or eliminate fears associated with use of the 
product. These two issues will be dealt with separately in "Getting One's Foot 
in the Door" and "Completing the Transaction" below. 
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4.1 CKTTIIIC OWE *8 FOOT IH THE DOOR 


The Deeign Professional: 

The first order of business is Co sell photovoltaics to the front line of 
the connercial/iodusCrial construction actors, which include Che building 
designers, architects, engineers, planners, developers end, as will be seen 
below, the code official. It goes without saying that advertising in all 
of the places building materials are advertised, be it oral, verbal or 
visual graphics, actually generates an interest in either a developer who 
seeks to capitalise on photovoltaics or in a designer %fho seeks to explore 
the photovoltaic potential of a project. 

However, one of the top questions for designers and developers during 
feasibility studies is, "Hill photovoltsics pass Che scrutiny of regulatory 
agencies?" For Che design professional, this question is closely tied Co 
the legal principle of negligence per se (or negligence as a matter of 
law). This principle states that in Che event of a building code violation 
where: 

. The building code enactment contemplates or envisions an occurrence 
which would result in damage, 

. Provisions of the building code were designed to avoid such an 
occurrence, 

. The plaintiff in a lawsuit falls under a class of persons whose 
interests were intended to be protected by the building code, 

. The building code violation in question was a proximate cause of the 
plaintiff's injury or damage, 

the design professional assumes personal liability for the consequences of 
any resulting personal injury or property damage. 
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IhM* provitloQS would scm to protect e deslto profeeelooel In the case of 
e technological Innovation euch ee photovoltaic producte which am not even 
conaldered within the fraaework of exlatlng building codes* However* tiie 
legal principle of negligence per ae aay be alsused* A Jury aay be biased 
against the design professional by elevating conaon law negligence* 
utilising the language of building codes* to what the lawyer clalas to be 
negligence per se. The jury could be further confuse by arguaents that 
since building codes are enacted for the protection of the public that the 
design professional has violated the welfare of the plaintiff by utilising 
aaterlals or aethods not sanctioned by building codes* Thus prejudiced* 
the Jury aay becoae anxious to accept the standard of conduct which 
building codes offer* Such altered Judgaent could wel|^ very heavily 
against the design professional when the Jury establishes fault or 
deteralnes fair co^>eosatlcv: for dsaages* Therefore* design professionals 
have a strong disincentive, reinforced by professional liability Insurance 
carriers* to avoid the use of Innovative products and technologies* 

Frequently* as would generally be the case with photovoltaic Installations* 
an agreeaent would be negotiated with the Building Code Official or 
Inspector to pecnlt the safe use of photovoltaic aodules* panels or arrayn* 
However* In Johnson vs. Salea Title Coapany 425 P* 2d 519* the Oregon State 
Supreae Court rejected an architect's clala that a code official's approval 
for a wall design, which collapsed under heavy wind loading* relieved the 
architect of liability. So* even this aethod of new product Introduction 
aust be cautiously and Judiciously utilized by deslpi professionals* When 
a designer specifies this new product In preference to an established 
product* however* the door Co legal clalas (filed In the event of product 
failure) has been unlocked* 

Upon a product's failure* for whatever reason* the building owner Is apt to 
seek relief froa the aanufacturer* the Installer and the specifier of the 
product* However* a aanufacturer can fall back on the contention that the 
product was never Intended to be Instelled In the asnner which the design 
professional has specified* The Inataller aay contend that he was never In 
agreeaent with the e^cclflcatlon, but faithfully upheld bis end of the 
contractual agreeaetu:* The design professional has no scapegoat* he has 


4-3 


been charged with the legal and moral reaponaibllicy of designing and 
constructing all phases of the built environs«nt. The responsibility for 
the designer's own product is graphically stated in this quotation, 
extracted over ninety years ago in an age when steam heating equipment was 
an innovative product: 


Hubert v. Aiken . (1890) supra, 2 NYS 711,712. 

"...No one would contend that in this day an architect could shelter 
himself behind the plumber, and excuse his ignorance of the ordinary 
appliances for sanitary ventilation by saying that he was not an 
expert in the trade of plumbing. He is an expert in carpentry, in 
cements, in mortar, in the strength of materials, in the art of 
constructing the wall, the floors, the staircases, the roofs, and is 
in duty bound to possess reasonable skill and knowledge as to all 
these things, and when, in the progress of civilisation, new 
conveniences are introduced into our homes, and becosM, not curious 
novelties, but the customary means of securing the comfort of the 
unpretentious citisen, why should not the architect be expected to 
possess the technical learning respecting them that is exacted of him 
with respect to other and older branches of his professional studies? 
It is not asking too much of the mn «dio assumes that he is competent 
to build a house at a cost of more than $100,000, and to arrange that 
it shall be heated by steam, to insist that he shall know how to 
proportion his chimney to the boiler. It is not enough for him to 
say, "1 asked the steamfitter," and then throw the consequences of any 
error that may be made upon the employer who engages him, relying upon 
his skill. Responsibility cannot be shifted in that way." 


There have developed, over the intervening years, techniques for dealing 
with potential legal problems with respect to specification of innovative 
products. If these products are to be selected with proper thought, the 
potential performance of the product must be well^documented. The very 
fact chat a product was conscientiously documented provides a certain 
security for the designer. This principle is graphically outlined in 
Paxton V. Aleoieda County 259 Pac. 2d 934 , 938 (1953). In this case, 
conflicting professional .'xwsrts* testimony as to the suitability of a 
particular roofing system traich led to the injury of a falling workman, was 
apparently decided by the presence of documentation of the architect's own 
structural calculations. Ir. fact, the law only requires the designer to 
act using his best judgment in the light of present knowledge commonly held 
by practicing design professionals in the same location. Even if reflec- 
tion indicates an error, the design professional has performed to the 
extent that the law requires. 
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The recent etettetici dealing with profeaaional liability, percentage of 
firw experiencing liability claiaa and reaulting profeaaional liability 
inaurance ratea, underacore the iaportance of avoiding legal riak for a 
design profeaaional. See Figures 4.1 and 4.2 below. 
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Figure 4.2 
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Figure 4.1 


Personal injury, as Figures 4.3 and 4.4 show, is a relatively eiaall 
percentage of claiaia. Although the percentage of claiaa for personal 
injury have risen froa IS. IX in the 1960 - 1964 period, to 23. 6X during the 
1970 - 1975 period, the percentage of clain cost had risen relatively 
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One final note on personal injury: almost half (48%) of the claims against 

design professionals for personal injury are filed by construction workers 
or their families. This has occurred despite contracts which clearly 
relieve the design professional of construction site safety procedures 
responsibl ity . The statistical increase of bodily injury claims can be 
traced in part to rewritten worker's compensation statutes which immunize 
employers from liability claims. 


However, the design professional is susceptible to claims along two fronts. 
There is no liability inranunity from claims for possible third parties who 
may be judged responsible. Many states dictate a $50,000 maximum payment 
for d'jath or permanent disability and claimants must sometimes look 
elsewhere for additional compensation. Architects are frequently perceived 
to have either the insurance or assets to suit this purpose. The second 
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major source of legal claims is from the insurance company attempting to 
recover monetary benefits awarded to injured workers. These suits are 
brought under the right of subrogation^ in the injured worker's name. 

Legal counselors advise design professionals to document all phases of 
specification through construction, from the product itself to the manner 
which it is applied to a building. Photovoltaic manufacturers could 
provide several services %«hich would increase the design professional's 
propensity to specify that innovative products: 

. Provide product information, both verbally and orally. 

. Provide lists of unbiased consumers who are familiar with the same 
product under similar circumstances (including owners, designers, 
contractors and inspectors). 

. Provide technical literature defining the strengths and limitations 
of the product. 

. Provide records, when questioned, of bad results or limits to the 
product's usefulness and what is being done to correct weaknesses. 

. Provide information on field representatives and services agents. 
Include information on warranties. 

. Provide assurances that financial and production capacities are not 
being overextended. 

. Provide information on replacement and maintenance. Address the 
possibility of major destructive array failure. 

. Provide for written approval for shop drawings to verify that a PV 
module is suited for a particular application. 
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. Provide field supervisors for certification of installation 
techniques on major projects. 

. Provide installation safety procedures for contractors. Identify 
safety hazards to installers. 

Professional designers must be skeptical of innovative products, least they 
leave themselves open for harsh penalties by the legal connunity. Early PV 
installations will not be sanctioned within the existing framework of the 
building codes. The design professional will be asked to bear the legal 
and moral responsibility for the potential failure of PV modules, panels 
and/or arrays. It is of paramount importance that the manufacturer of 
photovoltaic products provide design professionals %rith as much technical 
data as possible. To enable the designer to assume the risks associated 
with the specification of an innovative product, the designer must be able 
to rationally defend a PV installation. A product which is not regulated 
by building codes must live up to minimum public expectations for personal 
safety and welfare. These expectations must be interpreted by the building 
code official from the building code. Such an interpretation is made on 
the basis of two separate types of information. One is a comparison 
bet<«een an innovative product and some particular material or assembly 
referenced within the building code document. Such a comparison may be 
made on the basis of similar functions or similar materials. For instance, 
a sloped PV module which covered window openings, in an awning like manner, 
may be required to comply with the code requirements for awnings. The 
second type of information which building code officials may draw upon for 
PV arrays to comply with existing building codes is the overall minimum 
level of safety which the code affords to the public. If, in the opinion 
of the code official, the array does not achieve that minimum level of 
safety, the array will be disallowed. Therefore, the design professional 
must work in concert with the manufacturer and the code official in the 
design and subsequent approval of PV arrays prior to their normal 
acceptance in the building codes. 

The utilization of innovative productc such as photovoltaics suggests a 
tremendous reliance on the interpretation of the code documents, as they 
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exist. As s previous section on Building Project Sequence suggests, the 
Building Code Official is involved continually through the project and has 
aaple opportunity to deny or to restrict the use of photovoltaics so that 
the design professional must consider froa the very conceptualisation of 
the project the attitude of the local code official toward this new 
technology. Figure 4.5 identifies instances where PV manufacturers might 
provide technical support for design professionals. 

Code officials are the chief code enforcement authorities. They are 
responsible for seeing that those engaged in the building industry adhere 
to the requirements of the building code. To understand the personalities 
involved, it would be valuable to understand some of the incentives and 
disincentives of the office. As recently as the 1970's, the median salary 
of the chief code official was $10,586, as can be seen in Figure 4.6. 


NiniMB and NaxiMa Salaries of Building Officials 
by City Sise: 1970 


City Sise 
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10.000->25p000 
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All Ciclee 
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10,586 


Source Coaputed froa 1970 Survey of Local Building Departaents by 
Charles G. Field and Francis T. Ventre. 


Figure 4.6 


Only large cities can afford the training programs and incentives necessary 
for a strong staff. Advancement in a building department is limited by its 
typically small size. Generally speaking, these officials are not covered 
by civil service and few belong to unions. More than 65 % of all building 
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officials reportiog in 1970 serve without tern of office, at the whim of 
political appointment. Half of the remainder hold only single year 
appointments. See Figure 4.7. The code official is subjected to continual 
political pressure. 
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Figure 4.7 


In fact, over half of all building officials are SO years old or older. 

See Figure 4.8. Code officials tend to be professionally long lived. The 
average tenure for the chief official of a department is seven years. 
Coupled with the fact that over 90% of the positions in building depart- 
ments are appointments of one year or less and that over a quarter of 
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building departments responding were one man operational a picture of 
political bureaucracy develops* 

At«t of Local OfficiaUt 1970 
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The smaller the building department, the more generally susceptible to 
"local" pressures and the longer innovative technologies take to be put 
into use. 


Occupational Backgrounda of Local Building Officiala; 1970 
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Figure 4.9 

Established building trades resist technological change as an established 
political party would resist political change. These established powers 
will attempt to preserve the status quo by influencing the susceptible code 
official. Except in the largest of cities, code officials are unahle to 
shield themselves behind bureaucratic anonymity. Photovoltaic manufac- 
turers will have to overcome the established bias of local interests. 
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competing manufacturers | contractors^ materials suppliersi and installers 
as well as the political influence which they have imposed upon building 
officials against innovative products and technologies. 

The burden is upon the photovoltaic manufacturer to get into the smaller 
'*local" areas to convince code officials of the safety and acceptability of 
the PV productSf frequently through local design professionals. The 
manufacturer must work to establish relations with local materials 
suppliers! contractors and installers simultaneously so as to develop their 
own place in the established construction industry framework. Education 
will be the primary activity in dealing with Building Code Agencies and 
personnel. 

Getting one’s foot in the door is only the first step. There is a great 
deal more the photovoltaic manufacturer must do before the transaction is 
complete. Granted , once the design professional and the code official 
select and approve photovolt aics for use^ the bulk of the job of selling PV 
has been accomplished. However ^ each of the remaining actors in the 
building sequence has a certain amount of influence in possibly eliminating 
or limiting the use of the product; 

4.2 COMPLETING THE TRANSACTION 


After convincing planners p architects » engineers p developers and code 
officials as to the acceptability of photovolt aics p there are still other 
actors remaining along the path to construction who threaten the eventual 
utilization of the product. For example: 

. Building owner may dislike the modern image that PV suggests. 

. Building manager may fear service and maintenance difficulties. 

. Insurance carriers may refuse to cover arrays or may set premium 
rates artificially high. 

« Contractors and subcontractors may build in an exorbitant fear 
factor when bidding a project. 

• Trade unions may compete for the rights to install PV arrays. 
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Each of these issues it developed below. The probleas associated with 
these issues are addressed at length, and possible strategies for the 
avoidance of pitfalls are suggested. 

. Building owner may dislike the modem image that PV suggests. 

A building owner can reject PV for any arbitrary reason. By selling PV to 
the design professional, (architect or engineer) who acts as the agent of 
the owner concerning technical and aesthetic issues, the oianufacturer 
relinquishes to that design professional the job of securing design 
approvals from the building owner. If the design professional is not fully 
educated in all of the particulars of the products he is attempting to sell 
to the building owner, the owner could easily be frightened away by his own 
personal misconceptions. The desire for a more "traditional" or 
"classical" image, for marketing or personal reasons, can disrupt the 
normal material selection process. Vfhen the architect is not capable of 
proper product representation, the manufacturer must educate the building 
owner more directly. 

. Building manager may fear service and/or maintenance difficulties. 

The building manager must devise a plan by which the PV array can be effi- 
ciently maintained for both continued acceptable performance and correction 
of system damage. Various maintenance tasks require decidedly different 
levels of training. The quality and timing of maintenance is more crucial 
in certain tasks, and as such, requires tighter organizational control. 

No easy formula exists for prescribing what a PV manufacturer can do to 
allay the maintenance complexity fears of the building manager. Some of 
the salient variables idiich will determine the eventual maintenance- 
management policy in a PV project are identified below (see also Section 12 
of this report). 

Some occupancies may have more serious maintenance problems than others. 

For example, schools may experience higher vandalism rates, industrial 
users may experience array coverplate soiling by their own smokestack 
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enitsions, coonarcial recall eacabliahanenta nay tend Co have e aouill and 
poorly Cralned aaincenance acaff, and a rescauranc auiy have greaey exhauac 
fumea which cloud roof mounced or adjacenc arraya. A oMnufacCuring plane 
may Cend Co have maincenance aCaff experienced in boch cleaning and 
machinery replacemenc « well-Crained Co mainCain phocovolcaic arraya. 

The acale of Che building projecC may be exCreowly iaiporcenc. A large 
aingle uaer or a group of amaller uaera may have Che combined reaourcea 
neceaaary Co achieve Che appropriaCe blend of unCrained and Cechnically 
aophiacicaced employeea in houae for Che building manager Co call upon. 
OCherwiae, Che manager imiaC counc on ouCaide agenciea for Che cleaning, 
paincing, inapeccing, moniCoring and even acheduling. For exaiaple: a 

achool diacricc wich a full Cime maincenance acaff could uCilise a 
diaCricC'a elecCrician for Che inapeccion of Che wiring ayaCem aa well aa 
Che replacemenc of damaged modulea; Che diaCricc'a maincenance direcCor 
for Che acheduling of periodic inapeccion, cleaning and evaluaCion; and a 
cuaCodian wichin Che building iCaelf Co periodically clean Che covering 
maCerial and InapecC for physical damage. However, a email recall ahop or 
a docCor'a office may noc have a building manager and may rely on 
maincenance conCracCs for regular building upkeep. 

SCudiea analyzing Che akilla neceaaary for Che aucceaaful operacion and 
maincenance of a phoCovoltaic array could be correlaCed wich aCudiea 
idencifying peraonnel and their level of Craining typically found in 
commercial/indua trial applicationa. This would aasiat photovoltaic 
manufacturers in determining the type of maintenance staff or staff support 
the industry must provide. Design of the module, panel and array mounting 
should be considerate of future preventative and corrective maintenance 
staff support. 

. Insurance carriers may refuse Co cover arrays or set premiums 
artificially high. 
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The photovoltaic manufacturer muat consider the effect of two distinct 
insurance costs. The first, with direct effect on the manufacturer, is 
product liability insurance. The second, with an indirect effect on the 
manufacturer, is that insurance necessary to protect the building owner 
against damage loss or liability peril. 

Product Liability Insurance: 

“The law recognizes that parties in different relationships have 
differing standards of care. A party handling dangerous instru- 
mentalities, for example, may be held liable where injury occurs, even 
under circumstances where the party was not negligent. See Corpora le 
V. C. W. Slakes lee & Sons, Inc. 149 Conn. 79, 175A 2d 568 (1961). 

Under certain circumstances, a party may be said to warrant or 
guarantee the fitness or adequacy of a product he isanufactures or 
sells; if the product is not fit for intended use, the party is held 
liable for damages, even though there may be no proof of damages.'*^ 

In the referenced case above, it was necessary for the court to find the 
instrumentality capable of causing harm involved a risk of probable damage 
or injury to the extent that it can be termed intrinsically dangerous. 

While the design professional is only expected to possess the requisite 
skill and knowledge and use his best judgment, despite the possible 
appearance of mistakes or defects in the plans and specifications produced, 
the manufacturer is not permitted the luxury or exercising judgment or 
discretion. 


Sapers, Carl M.; Cases and Materials on Construction Law , 
manuscript, copyright 1973, p. 57 
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The mechenice of procuring product Uebility coverage seen to be rather 
clear. The manufacturer retaine an insurance broker who negotiates a rate 
with the insurance carrier. The procedure looks something like this: 

. Manufacturer submits drawings, sketches, specifications, 

performance data and anything else which can describe the product 
to the insurance company. 

. Engineers and technical experts for the insurance compiny analyse 
the product and provide connents as well as request clarifications 
from the manufacturer. 

. Manufacturer clarifies ambiguities in the initial presentation and 
considers cooraents made by the insurance carrier. Manufacturer 
then resubmits the presentation to the insurance company. 

. Insurance company revises and completes the analysis. A rate is 
quoted for Che manufacturer. 

This procedure is not difficult, but can be time consuming. The average 
time span for initial submission to final rate quotation can range from 
three months to a year. This task of data submittal, like most of the 
other tasks Che PV industry will need to perform, is educational in nature. 
A time delay in Che procurement of liability coverage at a reasonable rate 
could delay the initial market infusion date. (A list of product liability 
considerations to be addressed by a PV manufacturer has been developed by 
Carnegie-Mellon Univ. in a recent study for JPL. DOE/JPL 955846*81/1). 

Building Owner's Insurance: 

The building owner must protect his interests in two basic ways. The 
building owner, like the manufacturer, must be concerned with liability in 
Che event of personal injury or property daowge associated with photovol* 
Caic arrays. Although the material put in place may be the responsibility 
of the manufacturer and the design professional, the methods utilized to 
maintain or alter the system are very important from a liability stand* 



1 
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point. Many warrant iea are voided by unauthoriaed nainteoance work. 

Deaign profeaaionala, therefore have a certain anount of protection against 
liability for a product which has been substantially altered through 
■aintenance or renovation. 

The second area of protection for a building owner is from damage due to 
fire or other calamity. The array is a big investment and to not insure 
such that it can be replaced in the event of fire or other natural 
disaster, would mean a loss of not only material goods but perhaps even 
lost operation time while a substitute power source is sought. 

. Contractors and subcontractors may ^uild in an exhorbitant fear factor 
when bidding a project. 

The level of experience that a contractor has concerning the installation 
of a particular system or material assembly, affects the efficiency of the 
installation. Cost overruns are rooted in unforeseen problems. Installa- 
tion techniques and the cost of special equipment often drive contractors 
(a conservative group in general) to pad their bids with excessive material 
waste or employee training estimations. 

Generally, contractors cannot successfully bid jobs where they are unfamil- 
iar with a sMterial or system. If they are too conservative in their bid, 
then an experienced contractor will more accurately underbid, and if they 
are too liberal, job costs will soon create deficits not profits. However, 
in a new technology, even the competition is inexperienced. Over the 
years, contractors have developed a fear factor for new techniques and 
materials. This should establish competitive bids early in PV development. 

By developing well defined installation guidelines and procedures by trhich 
the contractor can accurately estimate installation tiew and materials, 
much of the fear factor can be eliminated. The emnufacturer can conduct 
pre-bid seminars for the contractors and subcontractors to eliminate much 
of the fear of the unknown. This is a common tactic in relatively young 
solar thermal installations. The seminar presentation can be a blend of 
installation methods; installation labor studies; materials price fluc- 
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Cuatioo dac«; and idenCificacion of iMoufaccurar'a inacallatioo auppori 
aarvicaa, including warrant iea, inapactiona, auparviaion and approvals . 

Tha aanufacturer gtnarally aaeka to allay tha faara of contractora by 
correlating the innovative product with natariala and aaaaabliaa with which 
the contractor will be faailiar. 

. Trade union# nay conpete for the right# to in#tall PV array#. 

Labor diapute# on a building aite cauae not only headache# for contractor# 
but coatly time delay# and expenaive comproniae agreement#. Photovoltaic 
array# are quite ambiguou# in their inatallation need#. The need for eiec> 
trical connection# will make them auaceptible to the electrical worker# 
demanding union repreaentation. The need for mechanical faetening# make 
them auaceptible to carpenter# or aheat metal worker# demand# for union 
representation. Roofer# could also project an argument for representation. 

Trade union dispute# occur on the job aite during construction. Generallyt 
such jurisdictional disputes, a# they are called, can be avoided. By 
developing international agreements which offer guideline# delineating 
specific responsibilities for specific trades, potential ambiguity is 
officially resolved. 

Jurisdictional disputes could occur on a national level. Potentially 
relevant trade unions should be identified early in the PV manufacturing 
process. Guidelines must be developed which outline the <r'es and respon- 
sibilities of each trade union. There will be no benefit in prefabricating 
electrical or mechanical systems if each and every union will require 
representation in the field. 

One way to avoid labor confusion on the job site is to depend upon the 
deeign professional to specify the installer. This will attentuate the 
potential for conflict on the job site. However, if the industry fslls 
back on this method, they will run a risk. At some time, the design 
professional will inadvertently omit installation criteria. This could 
lead to a jurisdictional dispute among trade unions competing for work. 
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This can, in turn, lead to a snowballing of labor problems on a national 
level where a variety of labor unions may claim responsibilities for the 
installation of photovoltaic arrays. Labor unions are extremely 
conservative with regard to innovative materials and technologies. They 
fear redivision of work and obsolescence. Traditionally, the trade unions 
j^rovide the greatest resistance to innovative products. Older union 
members sae themselves as losing their inherent experience advantage to 
younger woricers. A poorly planned attempt to legislate an international 
agreement may lead to many unions requiring token representation on every 
installation job, even when not necessary. 

Through proper fore ight, the PV industry could take the initiative in the 
authorship of an international agreement outlining jurisdictional para- 
meters for all potential trade unions. These parameters would be organized 
through committees of the large national labor unions, such as the Trade 
Council of the American Federation of Labor-Congress of International 
Organizations (AFL-CIO). 

The impact of the labor unions extends into the factory of a prefabricator 
as well as onto the job site. In Massachusetts, plumbing in all prefabri- 
cated buildings constructed must be installed by Massachusetts licensed 
plumbers. In addition, the piping installed in a plant must be left 
exposed and accessible after the building components leave the prefabri- 
cation factory. Any prefabricated construction entering Massachusetts from 
another state must have fixtures removed and every inch of pipe uncovered 
and all piping ends capped so that the inspector of plumbing can observe 
compliance with the Massachusetts State Plumbing Code. 

Clearly, any advantage gained in the photovoltaics industry (economically) 
through pre fabrication can be lost through state or local efforts to 
preserve work for their own local interest groups. 


4-20 


SECTION 5 
MOUNTING DETAILS 


5.1 INTRODUCTION 


The various mounting techniques for photovoltiac modules/panels/arrays in 
the commercial /indust rial sector can be thought of to consist of four 
generic mounting types. These generic types have been previously developed 
for the residential market (Residential Photovoltaic Module and Array 
Requirement Study, JPL Contract No. 955149), however, their definitive 
boundaries appear to effectively describe whatever additional characteris- 
tics a comnercial array might impose. It is therefore felt that illustra- 
tions and descriptions of these mounting types might be appropriate to 
facilitate the understanding of any future reference to them in this 
report. 

It should be noted, however, that the consnercial/industrial sector offers 
more flexibility for the integration of these four generic types than the 
residential does. For instance, the increased use of flat roofs in the 
commercial /indust rial sector could lead to greater application of rack 
mounted PV systems. Two further reasons why rack mounted arrays may have 
much greater application in this sector are based on size and aesthetics. 
The larger commercial/industrial PV arrays will require a great deal more 
area than will be required for most residential applications, and 
therefore, either a large roof area (most likely flat) or ground space will 
be necessary. In either situation, rack mounted modules /pane Is will 
probably appear most feasible. Additionally, the aesthetic problem 
encountered in the residential sector with rack mounted arrays is less of a 
concern in the commercial industrial sector. The appearance of a 
“high-tech” solar PV array on a building in this sector may very well 
enhance the image for which the company is striving. These are both 
generalizations and may certainly not apply in every case in this sector. 
Nevertheless, the reader should be aware that the commercial/industrial 
sector is different from the residential sector in many ways, and that 
these differences should allow the designer of the PV mounting system a 
great deal more flexibility within these four generic mounting types. 
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As conmercial/industrial buildings can be considerably larger than residen* 
tial buildings and with the prospects of photovoltaic panels functioning as 
building materials, wall mounting of PV arrays must be considered. Each of 
the mounting types could be used for wall mounting* Panel function and 
cost will be two of the factors influencing such a decision* 

5.2 MOUNTING TYPE DESCRIPTIONS 


The basic mounting types were developed on the assumption chat rack and 
standoff mounted modules need not form a watertight membrane and that 
direct and integral mounted types would be required to form a watertight 
membrane for the building structure. Of equal importance, the rack and 
direct mounted systems can be used to stpov ^ modules not capable of with- 
standing normal roof loads while the modules used in standoff and integral 
mountings must have the structural capability to take such design loads* 

The following is a detailed description of each of the mounting types. 

1. Rack Mounting . By using a rack mounted photovoltaic array, the 

designer has some flexibility in the location of that array. The rack 
mounted array can be located on the ground away from the building or on 
the roof of the building* This mounting type might also allow for the 
change of tilt angle from site to site and from season to season. This 
technique also allows for structural independence of the module. That 
is, the module can be designed for the minimum amount of structural 
rigidity, i.e«, resistance to dead loading and wind uplift, and 
integrity, thus reducing the cost of the module itself. Because of 
easy accessiblity , maintenance can be performed quickly and with 
relative ease, thus allowing for reduction in maintenance costs. 
Likewise, the costs associated with installation of the array should be 
comparatively lower. 

There are, however, some serious drawbacks to the rack mounting of PV 
arrays. Structural costs for the supports increase as the height of 
the array increases. This will cause the maximum realistic slant 
height of the rack mounted arrays to be on the order of 16 ft. Rack 
mounted modules at grade level are also susceptible to damage and could 
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create a safety hazard. Ground mounted arrays may pose land 
availability problems, as well as local zoning ordinance problems. It 
may be necessary, therefore, to install fences around ground mountd 
arrays resulting in additional cost to the system. While ground 
mounted arrays pose special problems, rooftop installations of rack 
mounted modules also have their own inherent problems. 

Standoff Mount . Elements that separate modules from the roof surface 
or wall are known as standoffs. By supporting the module away from the 
roof surface, air and water can pass freely under the module, 
minimizing problems of mildew and roof leakage. This will aid in 
cooling the photovoltaic module, thus improving module efficiency. In 
the event of a retrofit application, tilt angle can be optimized with 
the use of standoffs, thus eliminating dependence on roof pitch. 

Standoff modul^^ will require similar resistance to dead loading and 
wind uplift loading as did rack mounted modules, however, the 
structural and land requirements may not be as stringent. By utilizing 
a frame which has structural integrity, module integrity can be 
minimized and module manufacturing costs will then be reduced. Modules 
with combustible material or materials that will contribute fuel to 
combustion in the event of a fire, could be of concern. They may be 
interpreted as contiguous areas of plastic in which case close review 
of the codes section on roof coverings must take place. 

Direct Mount . Installation of direct mounted modules is accomplished 
by anchoring the modules to the roof or walls. The use of this 
mounting technique eliminates the need for additive structural 
supports. The modules will be placed on the waterproof membrane which 
is already on top of the roof sheathing, declining or wall spandral 
system. There will be need for module to module and array perimeter 
waterproofing and, therefore, the array will act as a waterproof 
membrane. There will also be a minimal credit for replacement of some 
roofing or siding materials. 
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Because of the direct mount system's intimate contact with the roof or 
wall, three major problems will exist. First, cooling of this type 
module will be a problem, for only the top surface will be cooled by 
convection. This will, of course, decrease the module efficiency. 
Second, electrical connections must be of a very unique type because 
the back surface of the modules will not be exposed for interconnecting 
purposes. Because of this, new and innovative techniques need to be 
developed for the electrical connection of direct mounted modules. 
Third, maintenance will be a problem for the replacement of modules 
will be more difficult as interconnects and attachments will be 
difficult to access. With the modules mounted directly to the roof or 
wall surface, module tilt is, therefore, dependent on roof pitch and 
requires the roof to be designed accordingly. Array area is restricted 
to the overall area of the south-facing slope of the roof or the south 
facade. This will present problems in applications where roof or wall 
area is very limited. 

This mounting type allows for a broad variety of module design possi- 
bilities. The direct mounted module may be as typical as a standard 
flat plate module or as specific as shingle type module. Though these 
two examples are extreme cases, both are indeed examples of direct 
mounted photovoltaic devices. The innovative designer will, therefore, 
be able to arrive at many unique solutions to the design problem of 
comnercial photovoltaic modules for direct mount application. 

4. Integral Mounts . Integral mounting places the module within the roof 
or wall construction itself. Modules are attached to and supported by 
the roof or wall structural framing members and serve as the finished 
roof or wall surface. Due to the structural support given by the roof 
sheathing, removal of that roof sheathing may require additional 
structural support be given to the roof framing system. Watertightness 
is critical to avoid problems of water damage and mildew. As with the 
direct mounted modules, the integral mounted module's tilt angle is 
determined by roof pitch, and again requires the roof be designed 
accordingly. It should be mentioned that the commercial/industrial 
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sector could allow for Che direct or integral mount to be placed on the 
wall of the building, not just the roof. 

Nodules to be used integrally must be constructed to Che standard 
building tolerances. Because Che array now becomes the roof or wall 
structure, modules must be designed to withstand all live loads that 
are specified for commercial application. 


SECTION 6 
BUILDING CODES 


6*1 INTRODUCTION 


European cities > at the height of the industrial revolution^ were faced 
with a problem of crisis proportions; planning* Modern town planning 
sprang from the series of population increases and social reforms sweeping 
Europe in the mid*-1800'sj such as the English Reform Act of 1832 and the 
French and Belgian Political Revolutions. The industrial revolution caused 
city populations to rapidly increase. Industry could grow even in cities 
with no rivers I given the invention of the steam engine and the construe*- 
tion of canal systems which offered cheap transportation for even the 
bulkiest, heaviest goods. 

Prior to the industrial revolution, one-fifth of the English population was 
urban. By 1830 the proportion of urban to rural was half. Today, only 
one-fifth of the English population is rural. By 1835, the feudal 
governing institutions were replaced by elected municipalities* They were 
responsible for public interventions such as roads, drainage, sewerage, 
housing and overall planning* H* M* Croome said of the period: 


*'But the more the capitalistic technique grows up, the more compli- 
cated economic relationships become, the more each man’s prosperity 
becomes bound up with that of others whom he may never have seen, the 
more necessary it is that each one’s conduct of his life should come 
up to certain minimum standards. The town dweller’s health, for 
instance, is no longer his own concern; in illness he is far more 
likely to infect his neighbors than the country dweller in an isolated 
cottage. Social responsibility — the sense that we are all members of 
one body — becomes more important... and so we find, following on the 
development of captialism, a paradoxical situation; the individual- 
ist’s idea destroys the old solidarity and makes for the growth of 
capitalism, and capitalism, in turn, by increasing every individual’s 
dependence on his neighbor, demands a return to that same 
solidarity. . 


^ H. M. Croome and R. J* Hammond, ’’Economic History of Britian", London, 
19o7, p. 207. 
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The conditions of the cities , where open sewers fed into the water supply^ 
every inch of ground was built upon^ roadways had no paving , domestic 
animals roamed the streets and speculators dictated both housing stock 
quality and price, led to the first swipe at regulatory restraint* 

Epidemics which spread from neighborhood to city to country to continent 
hastened these reforms. Building codes were born. 

However, the problems were not wholly solved. 

••Building regulations are unique in that they are as much a statement 
of social attitudes and policies as they are of engineering and 
technology. To be responsive to one concern is not enough. **2 

Early regulators in Europe found that increasing regulatory requirements 
forced the poor to seek less expensive housing far from the center of town. 
Building regulations needed to be more than a statement of acceptable human 
standards, they needed to be affordable* 

In the United States: 

•'The law of building codes is grounded upon what is called the police 
power of the state. The police power is the source of all authority to 
enact building codes. It has never been exactly defined, and indeed 
the United States Supreme Court has said that it is •incapable of any 
very exact definition.* Broadly speaking, it is the power of the state 
to legislate for the general welfare of its citizens. ***^ 

Some State Legislatures utilize State Building Codes as the manifestation of 
the State *s police power. Most, however, delegate authority to a local 
governmental unit such as the municipal government. These locally 
designated entities or jurisdications, as they are called, adopt a code 
document as the reference document for local construction. These code 
I documents can be self-written or written by a central body. Self-written 

codes require extensive research and can be quite expensive. For instance, 

^ Howard Harkman, FPE, **A Case for More Rational and Explicit Building 
Regulations**, Ventnar, New Jersey, 1978. 

^ From Charles S. Rhyne, **Survey of the Law of Building Codes**, 1960. 
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the New York City building code, which has been recently enacted, cost over 
a million dollars to develop. Generally, a code jurisdiction will adopt a 
code document written by a central code official association or modify a 
version of such a document. These centrally written documents are called 
model building codes. 

There are three model building codes which are of primary importance in the 
United States. The three are: the Building Officials & Code Administrators 

(BOCA) Basic Building Code, the International Conference of Building Offi- 
cials (ICBO) Uniform Building Code, and the Southern Building Code Congress 
(SBCC) Standard Building Code. Each of these three codes has a particular 
regional sphere of influence. The BOCA Building Code is influential in the 
Northeast and Midwest (Figure 6.1). 


'M, 






Shoded portions indicote oroos where local jurisdictions 
hove odopted one or more of the codes. 


BUILDING OFFICIALS AND CODE ADMINISTRATORS INTERNATIONAL INC. (BOCA) 


Figure 6. 1 







The ICBO Uniform Building Code is influential in the West and Southvest 
(Figure 6.3). 



S^^oded portions indicate areas where locol juritdictiont 
hove odopted or>e or more of the codes. 


INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS 


Figure 6.3 
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»BUILDING OFFICIALS AND CODE ADMINISTRATOIS (BOCA) 
BASIC BUILDING CODE 


• SOUTHERN BUILDING CODE CONGRESS (SBCQ 
STANDARD BUILDING CODE 


• INTERNATIONAL CONFERENCE OF BUILDING OFFKIALS (OO) 
UNIFORM BUILDING CODE 


AGGREGATE CODE HAP 


Figure 6. A 
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All three of these owdel building codes ere snslysed below. In sddition, 
two city building codes ere snslysed to show the locslly written end 
locslly sdspted sM>del code side of the coin. These two sre the Pittsburgh 
end Los Angeles building codes. The Pittsburgh Building Code is locslly 
written end is infrequently updsted. The Los Angeles Building Cods is sn 
sdsptstion of the IC80 Unifora Building Code. 

The following three sections describe building codes in isore detsil. PV 
asnufseturers must be concerned with two sepsrste phsses of building code 
intersetion. The first is esrly scceptsnce, prior to officisl scceptsnce. 
The second is sctuslly how severely building codes will sctuslly regulete 
photovoltsic modules end srrsys in the long term. The second section (6.2) 
describe«» in depth the relevsnce of current building codes to photovoltsic 
development. This is sccoaplished by both s description of the existing 
code documents end the identi fleet ion of psrticulsr items within code 
documents which could be correlated to photovoltsic nsMlules, psnels end 
srrsys. In sddition. Section 6.3 stteapts to interpret the codes, as 
written today, from the viewpoint of the code officisl. In other words, 
all sections of the codes which address s device or application which a 
code official nay interpret as similar enough to a PV array, even if only 
visually similar, have bean reviewed and discussed as to its potential 
impact on PV. Finally, the fourth section (6.4) describes the means by 
which building codes change. 

In the very near term, the information garnered from the sections on the 
existing code documents is valuable for PV manufacturers. Code officials 
will coq>are a new technology with materials and systems which they are 
already familiar. By understanding the structure of existing codes, PV 
manufacturers can market a product idiich will not be objectionable from a 
regulatory point of view. It will be seen, after reviewing these sections, 
that the easiest means for a manufacture to penetrate the building industry 
marketplace has the limitation of function as one of its requirements. 

Early on the program PV should provide electricity, but should not function 
as a complex building conq^onent. 
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Over the course of time, as technology and the economies of construction 
change, so do the building codes. Photovoltaics, as a developing new 
technology, is somewhat of an anomaly in the construction industry. The 
magnitude of utilization for photovoltaic arrays on comnercial/industrial 
buildings necessary for a successful program demands mention within code 
documents. It also demands periodic updating to account for technological 
strides in safety and performance. Likewise, as the use of the single 
function device, i.e. the PV electrical generator, becomes more widespread 
and as code officials begin to accept ?V hardware and its application on 
buildings, manufacturers can begin to design multi- function hardware. This 
hardware could be as cosq>lex as a wall or roof section. The difficulties 
associated with the multi-functional approach become apparent when 
reviewing Section 6.2. 

The photovoltaic manufacturer will have an opportunity to provide input to 
the code agencies writing the future photovoltaic safety performance codes. 
They must first understand how codes change and who has the primary 
authority to alter the content of the building codes. Section 6.3 
identifies some of the inherent barriers to new technology being written 
into future codes. It also suggests ways to avoid such interference. 

6.2 CORRELATION: EXISTING CODE REFERENCES TO PHOTOVOLTAICS 


The building code official is responsible for the enforcement of the code 
documents as enacted within that locality or jurisdiction. The building 
department has a number of inputs into the building design and construction 
sequence as shown in Figure 3.3. The duties include plan check, building 
permit issue, revisions approval, site inspection and issuance of 
certificate of occupancy. 

Photovoltaics per se are not mentioned in any of the three model codes or 
in any of the city codes analyzed. As a result, any code official 
inspecting drawings must approve or disapprove their installation on the 
basis of correlations which can be made to other known products or 
applications. Provisions are made in each of the three model codes (Figure 
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6*5) and the two city codes for innovative products and applications to be 
utilized. 


fiOCA BASIC BUILDING CODE 1981 EDITION 


Section 101.3: Nahers Not Provided For: 

Any requirement essential ^or sTRuauRAt/ fire or sanitary safety of an existing 

OR PROPOSED BUILDING OR STRUCTURE^ OR ESSENTIAL FOR THE SAFETY OF THE OCCUPANTS 
THEREOF, AND WHICH IS NOT SPECIFICALLY COVERED BY THIS CODE, SHALL BE OETERNINED 
BY THE BUILDING OFFICIAL* 


Section 107.4: Alternative Haterials and Equipment 

The provisions of this code are not intended to prevent the use of any material 
or method of construction not specifically prescribed by this code, provided any 
SUCH alternative has been approved. The building official may approve any such 

ALTERNATIVE PROVIDED THE BUILDING OFFICIAL FINDS THAT THE PROPOSED DESIGN IS 
SATISFACTORY AND COMPLIES WITH THE INTENT OF THE PROVISIONS OF THIS CODE, AND 
THAT THE MATERIAL, METHOD OR WORK OFFERED IS, FOR THE PURPOSE INTENITJ}, AT LEAST 
THE EQUIVALENT OF THAT PRESCRIBED IN THIS CODE IN QUALITY, STRENGTH, EFFEC~ 
TIVENESS, FIRERESISTANCE, DURABILITY AND SAFETY* 


Figure 6.5 


As can be seen above, with ’‘approval”, anything is possible. This 
"approval” is rather subjectively applied tdien the code official interprets 
a photovoltaic array as to whether it ”.. .complies with the intent of the 
provisions of this Code...". "THE BOCA BASIC CODES ARE DESIGNED TO PROTECT 
PUBLIC HEALTH, SAFETY AND WELFARE THROUGH EFFICIENT AND EFFECTIVE USE OF 
AVAILABLE MATERIALS AND CURRENT TECHNOLOGY.” (taken from Inside the front 
cover, BOCA Basic Building Code 1981 edition). 


The code official is apt to compare the array with building materials and 
subsystems more familiar to him* Correlations between photovoltaic arrays 
and modules and materials and subsystems currently addressed within 
existing code documents may be made on the basis of similar function or 
appearance. The basic function of the photovoltaic array can be found in 
the definition of photovoltaic: “ capable of generating a voltage as a 

result of exposure to visible or other radiation”*^ The resultli^ 


^ Dictionary of Scientific and Technical Terms, McGraw*Hlll Book Company, 
Daniel W. Lapedes, Editor, New York ®1974, p 1116. 


current which is produced is beyond the competence of the model codes 
themselves to regulate. As a result, the model codes defer Judgment of 
electrical installation and equipment standards to the National Electric 
Code (Figure 6.6). 


BOCA BASIC BUILDING CODE 1981 EDITION 


Section 2000>3: Electric Installation Standards 

Conformance of installation of electric conductors and equipment to NFiPA70* 
LISTED IN Appendix A shau be the prima facie evidence that such installations 

ARE REASONABLY SAFE FOR USE IN THE SERVICE INTENDED AND IN COMPLIANCE WITH 
provisions OF THIS CODE- 

• The NFiPA (National Fire Protection Association) Article 70 is also knwn as 
THE National Electric Code- 


Section 20000 -A: Electric Equipment Standards 

The materials, appliances and other equipment listed in published reports of 
inspected electrical equipment by the Underwriters Laboratory Inc- (U-L-), and 

OTHER approved AGENCIES AND TESTING ORGANIZATIONS, AND INSTALLED IN ACCORDANCE 
WITH ANY INSTRUaiONS INCLUDED AS PART OF SUOI LISTINGS, SHALL BE APPROVED AS 
MEETING THE REQUIREMENTS OF THIS CODE- 


Flgure 6.6 

Particular attention should be paid to the phrase "reasonably safe for use 
in the service intended and in compliance with provisions of this code." 
This delegates responsibility for electrical authority approval while 
retaining some "approval” (or disapproval) flexibility. (See also Figure 
6.5.) 

GENERAL STRUCTURE OF BUILDING COOES 


When sectors of the construction industry other than one or two-unit 
residences are considered, the requirements governing those structures can 
become very complex. Model building codes consider such things as the type 
of occupant, the area of each floor and the number of stories or vertical 
height in determining that level of safety necessary for the constituent 
materials of a building. 


Building materinls must achieve the level of fire resistance with 
structural retention characteristics consistent with the specified 
construction type illustrated in Figure 6.7. If we utilize the 1981 
Edition of the BOCA Basic Building Code again, Table 401 differentiates 
bet%ieen soaie of the various structural elements found comnonly in a 
building. (Similar tables can be found in the ICfiO Uniform Building Code 
1979 Edition, Table 17-A and SBCC Standard Building Code 1979 Edition, 

Table 600.) 

Figure 6.7 outlines hours of fire resistance required for various building 
assemblies. They are "hours" as defined by a laboratory test written under 
the auspices of the American Society of Testing Materials (ASTM). There 
are numerous organizations such as ASTM; the American National Standards 
Institute (ANSI), the Underwriters Laboratory (UL), and the National Fire 
Protection Association (NFiPA), for instance, which author the procedures 
for such laboratory tests. Building codes utilize results from these 
tests, commonly referred to as standard tests or simply standards , as a 
basis for cosiparison to an arbitrary minimum performance level. These 
standard test procedures are not intended to depict actual stress, wear or 
hazard to a product or assembly. They do, however, attempt to depict 
approximate in service conditions. Frequently, building codes attempt to 
restrict materials which cannot perform acceptably uuder the stress of what 
may be considered the worst case; the hottest fire, the strongest wind, the 
deepest snow or the most debilitating handicap. The issue of worst case 
performance standards can be illustrated with an example. 

Figure 6.7 depicts fire resistance ratings of structure elements in hours. 
These "hours" signify hours of exposure to flame of a certain 
characteristic. A sample is prepared in a particular manner, the edge 
conditions being obviously important, and mounted in a special chamber. 
Flaming gas jets produce temperatures delineated in Figure 6.8 as a 
function of time. 
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Figure 6,8 
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This is a rough description of ASTM-E 119, Standard Methods of Fire Test of 
Building Construction and Materials . The specimen is required to withstand 
the stress of a fire hose stream in addition to the heat and flame alone. 

Tf under these conditions an assembly or material can retain its structural 
characteristics for a certain period of the time, it is rated for that 
amount of time. 

This standard was developed originally in 1917. It was based upon 
experimentation with condemned buildings which were packed full of wooden 
combustibles and set aflame. The curve depicted in Figure 6.8 was the 
result. This curve is not typical of a fire in ir.odem day buildings with 
contemporary loading characteristics and furnishings. Figure 6.9 may be a 
more accurate portrayal of the time dependent nature of the temperature 
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of a fire in comparison with the ASTM El 19 curve (shown as a dotted line). 
Modern materials burn hotter than the old wood loaded test structures and 
the resulting fires terminate after a shorter period of time. 


TlM TiMPEIIATUftC CURVE 



Many of the Standards referenced by the code official are written by 
product associations, such as the National Forest Products Association 
(NFoPA), American Institute of Steel Construction (AISC), American Concrete 
Institute (ACI), Aluminum Association (AA), Brick Institute of America 
(BIA), or the Steel Joist Institute (SJI). Situations where such standards 
are referenced within the codes are difficult to supplant with innovative 
materials. Generally, when a standard test procedure is written, it tends 
to depend directly upon the type of material being subjected to the test. 
Fire tests can be misleading in this way. The time dependent temperature 
curve illustrated in the previous example points out the differences 
between what was common for const ituant materials and furnishings in 1917 
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and today. There are some real questions as to whether photovoltaic arrays 
can be rationally compared to traditional construction with this 
performance test* 

Further analysis of fire resistance may be found below under fire 
resistance rated assemblies for both wall and roof locations. 

Figure 6.10 is from the 1981 Edition of the BOCA Basic Building Code and 
illustrates an area and height dependence graphicallyw (Similar tables can 
be found in the ICBO Uniform Building Code 1979 Edition Table 5-C and 5-D 
and SBCC Southern Standard Building Code 1979 Edition Table 400.) 

Figure 6.7 illustrates that as building height and/or total area increases 
and as the propensity for hazard in a particular occupancy type increases 
(for example^ assembly-theatre occupancies are inherently more hazardous 
than business occupancies and are, therefore, less severely restricted), 
the more restrictive the construction type must be. 

To further complicate matters, each of the model building codes establishes 
areas or zones of particular fire hazard. The terminology varies from Fire 
Zone to Fire Limits to Fire District. The criteria which distinguishes 
•'inside Fire Limits** to "outside Fire Limits** are fairly consistent from 
code to code (see Figure 6.11). The ensuing tightening of fire resistance 
performance requirements within these Fire Zones, Districts or Limits are 
also fairly consistent. Generally, occupancies designated High Hazard are 
not permitted within Fire Limits. Wood frame and unprotected combustible 
and noncombustible construction are more severely restricted within Fire 
Limits. 
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NWtt ipf llcabit la Tabit 505 

Molt a See the following sections tor general exceptions to Table 505 
Section 505 4 Allowable area reduction for multi story buildings 
Section 506 2 Allowable area increase due to street frontage 

Section 506 3 Allowable area increase due to automatic fire suppression system installation 
Section 507 0 Unlimited area one story buildings 

Section 506 1 Allowable height increase due to automatic fire suppression system installation 
Mitt b Type 1 buildings permitted unlimited tabular heights and areas are not subiect to special 
requirements that allow increased heights and areas for other types of construction (see Section M 5) 
Nftf c The tabular area of one story school buildings of Use Group A 4 may be increased POO percent 
provided every classroom has at least one door opening directly to the exterior of the building Not less 
than one half of the required exits from any assembly room included m such buildings shall also open 
directly to the exterior of the building (see Section 506 4i 
Nett d Auditoriums in buildings of Use Group A 4 of Type 1 PA ?6 3A 38 or 4A construction may be 
erected to 65 feet in height and of Type PC 3C or 46 construction to 45 feet m height (see Section 506 7) 
Nett I For exceptions to height and area limitations of buitdmgs of Use Group H see Article 6 governing 
the specific use For other special fireresistive requirements governing spe ;ific uses see Section 1405 0 
Note t For exceptions to height of buildings of Use Group R P of TypesPB an.< 38 construction see Sectiorr 
1405 6 

Nile 0 For height and area exceptions covering open parking structures see Section 6P6 0 

Neti h For height and area exceptions covering petroleum bulk storage buildings see Section 1405 3 

Ntit i 1 foot ■ 304 6 mm 1 foot' ■ 0 093 m' 
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1981 BOCA BASIC COK 


SECTION 501*2 FIRE UNITS 

THE FIRE UNITS SHALL CONFRISE THE AREAS CONTAININC CONGESTED 
BUSINESS/ COmERCIAL/ NANUFACTURIN6/ AlO INDUSTRIAL USES OR 
IN WHICH THE USES ARE DEVELOPING* THE LINITS OF SUCH AREAS 
ARE DESCRIBED AS BOUNDED BY (TO BE SPECIFIED)* 

SECTION 501*3 OUTSIDE FIRE LINITS 

ALL OTHER AREAS NOT INCLUDED IN THE FIRE LINITS SHAU BE 
DESIGNATED AS OUTSIDE FIRE LINITS* 

Figure 6*11 

Fire LIibIcs were esCabllshed originally Co curtail the danger of 
uncontrollable conflagration in these "congested business, coorcrclal, 
nanufacturing and industrial uses***" The existence of Fire Llaits points 
to a clear distinction between protection from oneself and froa one's 
neighbors* If statistics show photovoltaic array owners to be "bad 
neighbors", the PV installation could result in Increased cost to building 
owners for less flammable construction type materials both for the building 
with a PV array as well as neighboring buildings* Zoning ordinances could 
begin to exclude the use of phctovolCalc arrays if the danger of expensive 
regulatory compliance scares away potential commerclal/industrial 
development prospects* 

PV module cover material may be either glass or plastic* Depending upon 
Che type of cover material, its performance under standard test procedures 
and its historical performance on buildings, the pottant material may be 
scrutinized by the code official* This could make almost any module 
subject to the Inherent restrictions imposed on "plastic" materials* 

Although the trend is for glass cover material, plastics may play an 
important part in the future of photovoltaics* Therefore, the following 
discussion will give the reader a portion of the historical development of 
plastics in the building Industry and, subsequently, its inclusion in the 
codes* The PV module manufacturer will Chen be able to evaluate the 
problems of product approval when plastics are used as cover material* 

Note, however, the composite of Che module will ultimately be required to 
meet code; not the cover material only* (See Section 6*3 for further 
discussion on composites*) 
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In building codes which classify materials on the basis of previous 
experience, any new material can present classification problems. How can 
it be adequately compared to other materials already utilized and 
understood within the context of the construction industry? Plastics have 
been in use in the construction industry only since World War II. Clear 
acrylic astrodomes originally designed for B-29 bombers began to appear in 
residential applications on the west coast. Architects, code officials and 
fire marshals began to hurriedly ask; “Where can this material be utilized? 
What safety precautions are necessary? How does it perform under emergency 
conditions?" 


The first problem was the definition of a plastic. Plastic is a generic 
term applied to a broad variety of synthetic materials. The word “plastic" 
does in no way accurately describe the performance characteristics of the 
specific material in question. 


Plastic - noun, chem. One of a large class of synthetic organic 
compounds capable of being molded, extruded, cast or otherwise 
fabricated into various shapes, or of being drawn into filaments for 
textiles. ^ 


Plastic is a non-technical term which is popularly applied to hundteds of 
materials. 


“How do you provide for the control of something as dynamic, something 
as multifarious, something as heterogeneous, as this tremendous, 
proliferating line of products of the chemical industry?"^ 


It was the inability of building codes to deal with the variety of 
properties possessed by synthetic materials tdiich led to a generic 
“plastic" label. Building codes discuss assemblies such as walls, roofs. 


^unk and Wagnalls Standard Encyclopedic Dictionary; J. G. Ferguson 
Publishing Company, Chicago, ^1972, p. 504. 

^Fritz J. Rarig, “Codes that Guide the Plastics Industry", Plastics in 
Architecture, summer session, June 1967, p. 29. 
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•tcinralls «nd canopici. Howevtr, they alto tddrett specific mater i«lt 
thenselvea. Articlea El< en and Twelve of the 19dl Edition of the BOCA 
Batic Building Cede (pp. 229*269) deal with "Materials and Teats" and 
"Steel, Masonry, Concrete, Gypaun and Lumber Construction" reapectively. 
Article Twenty*Four addresses Light Transmitting Plastic Construction. 

In the 1976 Edition of the ICBO Uniform Building Code address nateriala 
throughout Part VI - Engineering Regulations - Quality and Design of the 
Materials of Construction. Chapters 24 - 28 address masonry, wood, 
concrete, steel and aluminum. Chapter 52 addresses plastics and Chapter 54 
addresses slass and glazing. In the 1976 Edition of the SBCC Standard 
Buildinf, Code , Chapter 14 - 18 address masonry, steel, wood, lathing, 
plaster and gypsum. Chapters 26 and 27 address light transmitting plastics 
and glass. 

However, unlike masonry, steel, wood, gypsum or glass, different types of 
plastics show a wide range of physical performance characteristics (see 
Figures 6.12 and 6.13). 

Building codes have not regulated each of the materials which are coassonly 
termed "plastic". There were more "plastics", even in the 1960's, ihan the 
sum of all different "conventional materials" regulated within the codes. 
The early emphasis was on regulation which would eliminate rapid burning 
plastics. A system of plastics classification which identified rapid 
burning, slow burning and self-extinguishing plastics was developed. 

The differences between burning rates were established through small scale 
standard test methods which, as can be seen frequently in standards, are 
not intended to reflect the actual burning characteristics of the plastics 
under in service fire conditions (see Figure 6.14). 
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Ttra 


'rtierao- fh«nM- 
Abbreviaclon plastic saccing 


Anerican Society for Testing 
and Materials Abbreviations 
Relating to Plastics (ASIM 
Standards. Vol. 27. 1968). 


Epoxy, tpoxide 

EP 

Perfluoroiethyl- 


ene-propylene) 


copolyaer 

FBP 

Polycarbonate 

PC 

Polyethylene 

PE 

Poly(fsethyl 


■ethacrylate) 

PMMA 

Po lyaonoch 1 oro» 


trifluoroethylene 

PCTPE 

Polypropylene 

PP 

Po ly tet ra f luoro- 


ethylene 

PIPE 

PolyCvinyl acetate) 

PVAc 

PolyCvinyl alcohol) 

PVAL 

PolyCvinyl butyral) 

PVB 

PolyCvinyl 


chloride) 

PVC 

PolyCvinyl 


ch lor ide>acet ate ) 

PVCAc 

PolyCvinyl 


fluoride) 

PVF 

PolyCvinyl fonsal) 

PVPM 

Silicone plastics 

SI 


( 


Figure 6.12 




1 Burning Rate (ASTM 0635) One end of a '/*■ 
inch by Vj-inch by 5-mch horizontal bar of the 
plastic IS held in a l-inch high Bunsen burner 
flame for 30 seconds (Figure 3 1 6) and the rate 
at which it burns is noted It if does not ignite 
after the first 30 seconds the test is repeated 
It IS generally recommended by the industry that 
any plastic that burns faster than 2-72 inches per 
minute be excluded from building applications, 
even though this rate is termed moderate Ma* 
terials that burn at less than 1-72 inches per 
minute are termed slow burning A few rates 
are acrylic, 1.0; styrene. 1.1. polyethylene, 10. 
most nylons, vinyls, and vinylidene are self- 
extinguishing 


ORIGINAL PAGE IS 
OF POOR QUALITY 


fl 



Figure 6.14 


Plastic materials are defined in terms of two categories of "approved" plastics 
as defined in Figure 6.15 below: 


BOCA BASIC BUILDING CODE 1981 EDITION 

2A00.2.1 APPROVED PLASTIC: An approved plastic shall be any tmermoplastic> 

THERMOSETTING, OR REINFORCED THERMOSETTING PLASTIC MATERIAL WHICH HAt A SELF 
IGNITION TEMPERATURE OF 650 DEGREES F* (3A3«53 DEGREES C>) OR CREATE.? WHEN 
TESTED IN ACCORDANCE MITH ASTH D1929 LISTED IN APPENDIX A, A SMOKE DENSITY 
RATING NOT GREATER THAN 400 WHEN TESTED IN THE MANNER INTENDED FOR USE BY ASTH 
£84 LISTED IN Appendix A or not greater than 75 when tested in the thickness 
INTENDED FOR USE ACCORDING TO ASIX D2843 LISTED IN APPENDIX A, AND WHICH MEETS 
ONE OF THE FOLLOWING COMBUSTIBILITY CLASSIFICATIONS: 

CLASS Cl: Pl/stic materials which have a burning extent of 1 inch (25 
mm) or less when tested in nominal point 0*60 inch thickness, or in the 
THIUNESS INTENDED FOR USE, BY ASTH D635 LISTED IN APPENDIX A; OR 

CLASS C2: Plastic materials which have a burning rate of 2>5 inches 

PER MINUTE (1*06 NM/s) OR LESS WHEN TESTED IN NOMINAL POINT >060 INCH 
THICKNESS, OR IN THE THICKNESS INTENDED FOR USE, BY AS1H D635 LISTED IN 

Appendix A> 


Figure 6.15 
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All of the building codes under study here are consistent in this regard. 

To deal with the hundreds of synthetic materials and hundreds of conditions in 
which the building industry would utilize those many '^plastics", dozens of 
standard test methods would need to be written. Instead, building code 
promulgators decided upon some small scale tests for plastics and drew an 
artificial line through the test performance results. All those plastics having 
tests results exceeding the artificial minimum were “approved'^ all those 
falling short of the minimum performance line were not. 


When the building code officials were regulating plastic materials in the codes, 
they first considered the feelings of the fire marshal as described in Figure 
6.16 below. 


”No building official with any sense is going to propose a code change 
which has not first been approved by the fire department, particularly a 
change that will provide for the use of combustible materials. We quickly 
encountered from the fire officials an almost uniform response. The fire 
fighter has first the problem of locating the fire and rescuing occupants. 
He must intentionally enter a building that is on fire to find out if there 
is anyone to be rescued. He must locate the people that must be rescued 
and carry out rescue operations. Almost simultaneously he has to determine 
how he is going to fight the fire. He must confine it as rapidly as he 
can. He is concerned about contents. He is concerned about heights and 
areas, he is concerned about windows, he is concerned about roof, wall, and 
floor construction. The fire fighters said, "Look, we have no prejudice 
against your materials. We want them to be used. We hope they will be 
used, but we don't want you to do anything that makes more hazardous the 
conditions that confront us in a building that is on fire. Our 
fire-fighting equipment, our safety equipment, our extinguishing devices 
are all based on the problems created by conventional materials. We are 
familiar with fires. We expect to encounter difficulties in fighting fire. 
We don't expect a fire to be safe. We know a fire is dangerous. We are 
used to dealing with the hazards created by conventional materials. We do 
not want you to introduce anything into the building that is going to 
produce an extraordinary hazard for which we are not prepared, such as a 
tremendous amount of smoke or some deadly gas that will knock us out or 
make it impossible for us to find the occupants of the build ins or which 
will kill them under conditions where they shouldn't be killed."^ 


Figure 6.16 


^Fritz J. Rarig, "Codes that Guide the Plastics Industry", Plastics in 
Architecture, summer session, June 1967, p. 36-37. 
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Fire fighters are accustomed to current materials and systems. They are 
unattracted to the prospects of hazard based upon new technologies or 
materials of which they have a poor understanding. 


**This is why the fire fighters insisted that we write into the codes, 
as a condition of their approval, a provision that a plastic material 
shall produce no more smoke than wood or paper burned under comparable 
conditions and shall have products of decomposition no more toxic in 
point of concentration than those of wood or paper burned under 
comparable conditions.**^ 


However, 


as Albert Dietz^ 


points out 


in Figure 6.17 below: 


"Because the chemical constituents of plastics are 
similar to those of wood, paper, and fabrics, Che 
products of combustion are also similar. What 
those combustion products will be in any given 
fire depends not only upon the chemistry of the 
materials but on the condition of burning. With 
plenty of air, the principal combustion products 
of most plastics, woods, papers, and fabrics are 
harmless carbon dioxide and water; but with an 
oxygen deficiency there may be large vol lines of 
carbon monoxide and smoke. Smoke evolution is 
also a function of composition — some of the least 
flammable plastics may give off the heaviest 
smoke. If constituents such as chlorine, 
fluorine, nitrogen, and sulfur are present in the 
olastic, they will also be present in the gases 
given off." 


Figure 6.17 


Therefore, the test methods established for comparison of plastics are 
seemingly subjective and should tend to favor particular plastics, mounting 
configurations and combustion environments. 


Plastic materials are permited in a variety of wall and roof applications 
which may pertain to the end use of a photovoltaic array. Among these 
are : 


^Fritz J. Rarig, **Codes that Guide the Plastics Industry**, Plastics in 
Architecture, summer session, June 1967, p. 38. 

^Albert Dietz, **Plastics in Architecture**, MIT Piess, p. 72. 
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WALL 

* Plastic glazing (see plastic glazirj) 

. Plastic veneer (see veneer) 

ROOF 

. Plastic skylight (see skylight) 

• Plastic roofing material (see roof covering) 

The broad range of properties of the various plastics utilized in 
construction are only beginning to be intuitively understood. The many 
types of ''plastics" and their wide range of properties make it difficult to 
address all of them in the codes. Glass is the opposite case. The 
properties for glass, be it heat strengthened, fully tempered, rough rolled 
plate or sandblasted are consistent enough to be governed by rough, rule of 
thumb comparisons to regular plate or sheet glass as a norm. 

The primary concerns for glass as a material are fire safety and impact 
loading. Not only are the occupants of the building in need of protection 
from the glass, but passersby below glazing installations must be protected 
from flying debris. 

In a wall mounting condition, fire spread is the chief fire safety concern 
when analyzing glass. Fire spread can occur in one of two ways. Either 
the fire can come from another building or it can come from another 
location within the same building. 

The following section on specific code references will: 

. Define each code reference 

« Describe the restrictions which building codes place on such 
restrictions 

. Identify PV mounting configurations which code officials may 
logically correlate with such specific references. 

A summary, conclusions and recommendations section follows the code 
references themselves. In cases where correlation is logical and 
justified, strategies will be suggested by which photovoltaic manufacturers 
can promote such an interpretation. Conversely, when the requirements for 
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compliance with building code references (which could be illogically or 
unjustifiably correlated to photovoltaic modules, panels or arrays) pose a 
possible threat to the long or short range market growth for PV in the 
consnercial/ indust rial sectors, strategies will be suggested for **building a 
defense^* against such an interpretation. 

Early favorable interpretations are critical for a speedy and successful 
infusion of photovoltaics into the marketplace. If a precedence is set for 
highly restrictive performance requirements or area restrictions, for 
instance, an “industry norm“ could develop which would take time to alter. 

Through education of the building industry and through proper planning, 
photovoltaic manufacturers can produce products intended for particular 
mounting applications that comply with existing requirements for materials 
and assemblies. 

During the course of this study, the attempted identification of potential 
barriers within the building codes brings to light the possibility that 
subjective assessment of photovoltaic products by officials from over 
14,000 building agencies is apt to be difficult to predict. As a result, 
it is possible only to identify potential interpretations that code 
officials could make and discuss the probability of that occurrence. Most 
of the interpretations are dependent on the mounting configuration 
(integral, direct, standoff, and rack) and location (roof, wall, or 
ground). There are eight combinations of these mounting applications. 

Mounting applications: 

. INTEGRAL WALL MOUNT 
. INTEGRAL ROOF MOUNT 
. DIRECT WALL MOUNT 
. DIRECT ROOF MOUNT 
. STANDOFF WALL MOUNT 
. STANDOFF ROOF MOUNT 
. RACK ROOF MOUNT 
. RACK GROUND MOUNT 
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6.3 BUILDING CODE REFERENCES 


The Informacloa in this section has been divided into the three basic 
iDOuatiag locations: 

. Wall Locations 

. Roof Locations 

. Ground Locations 

Each of these three will be discussed separately. Under each of these 
headings a listing will appear which consists of topical areas/sections of 
the codes which may be interpreted by a code official as siailar to PV or a 
PV installation . In this way a manufacturer of photovoltaic modules can 
properly design his module for a desired use in preparing a defense or Jus- 
tification for review by the code official. Eadi of these three locations 
is followed by a summary, conclusions and recommendations section. 

6.3.1 WALL LOCATIONS: 

The following list of building couq>onent assemblies may be 
interpreted as having visual or functional similarities with 
Integral Wall, Direct Wall or Standoff Wall Mounted PV arrays: 

. Awning 
. Curtainwall 

. Fire resistance rated assembly 
. Glazing 
. Insulation 
. Interior surface finish 
. Maintenance equipment support 
. Veneer 

. Vertical passage firestopping 

Along with sections of the building codes which regulate the use of 
each assembly, commentary on the liq>act to the development of PV 
markets resulting from restrictions Imposed by any such correlations 
is presented. Conclusions are stated addressing how much 
interpretations should be encouraged or discouraged. 
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AWNING: 


definition: 

Awnings may be either fixed or retractable structures supported 
entirely from the building with no vertical supports bearing 
directly on the ground. 

code restrictions: 

A special permit which gives the code official the opportunity to 
inspect plans for awnings may be required. Although awnings may 
either be fixed or retractable, they imist be entirely supported 
from the building without vertical support to ground (otherwise they 
more resemble canopies). The covering must be 7 9 feet above the 

sidewalk. They auiy be restricted in their distance of projection 
horizontally. This varies from code to code. The awning may not be 
permitted to extend closer than 1-2 feet from the curb. It may be 
restricted to 5 ~ 7 feet from the face of the building. Above the 
first story, awnings may be restricted to a 4 foot projection. 

Generally, awnings are metal, glass or canvas covered. Codes 
restrict frame to be of noncombustible materials (according to ASTM 
E-136 Test for Noncombustibility of Elementary Materials ). When 
combustible framing is permitted, it is required to have a one hour 
fire resistance rating (according to ASTM E—119 ~ Methods of Fire 
Teste of Building Construction and Materials) . The ICBO Uniform 
Building Code , 1976 Edition permits the use of approved (see Figure 
6.19) plastics for covering material. Building codes recognize the 
secondary function of awnings, i.e. shading or facade decoration. 

As such, they permit the covering to be a combustible material 
(canvas, or perhaps plastic). 


mounting configuration: 


Utilization of *'PV awning arrays" may be otte way to address the 
issue of inclination t^en mounting an array on a vertical wall. It 
is doubtful that there is any advuitage to be gained from extending 
beyond the projection limits for awnings outlined above. A standoff 
wall mounting configuration which has both an "awning appearance" 
and a shading function may be prone to an awning interpretation. If 
such an interpretation is made, the restrictions seem to be 
manageable. 


CURTAINWALL: 


definition: 

CurtainwalLs are exterior non>bearing encloaure walls vdiich are not 
supported at each story. 

code restrictions: 

As such, the fire resistance requirements outlined in Figure 6.9 
apply. Since a curtainwall supports its entire vertical height on a 
direct ground bearing, connection with the primary structural 
system of the building must be made with noncombustible, corrosion 
resistant anchors. Related assembly requirements may be found under 
glazing and veneers. 

mounting configuration: 

PV arrays integrated into a curtainwall system featuring glazing 
and/or spandrel panels will be considered by designers. There are 
no perceived barriers to the utilization of photovoltaic modules in 
a curtainwall framework. Ho«rever, the requirements for exterior 
surface materials as well as structural dead, wind and earthquake 
loading must be considered with curtainwall designs. 
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FIRE RESISTANCE RATED ASSEMBLY: 


definition: 

Hours of fire resistence with structural characteristics retained is 
perhaps the most basic of all U.S. building code requirements. 

These "hours" are determined by ASTN El 19 Methods of Fire Test of 
Building Construction and Materials . The historical development of 
this standard as well as the present day procedure for conduction of 
the test is described in detail on Pages 6-13 Co 6-15 of this 
report. This test aiechod was among the very earliest (1917) to 
establish an artificial minimum "standard" by which all assemblies 
would subsequently be measured for fire resistance rating. The 
portion of the table from ASTM E119 relating construction type tc 
exterior wall structural element is repeated for discussion in 
Figure 6.18 below. 

code restrictions: 
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Figure 6.18 


The portion of interest, exterior walls — structural element, is 
broken down according to two variables: proximity to other build- 

ings, and bearing versus nonbearing walls. Due to the possibility 
of bearing walls losing structural strength in a fire or under the 
impact load of a hose stream, they have more strict fire resistance 
rating requirements, overall.. Likewise, the proximity to other 
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building! i« an io^ortant variabla when conaidaring fire apread; aa 
the proxiaiity decraaaaa, ao do the requiranenta for fire reaiatanca 
(but only for nonbearing walla). 

The avoidance of ahading probleaa for PV arraya nay dictate a 
certain aininun aeparation froa other buildinga. Therefore, the 
inherent reduction of fire reaiatance for nonbearing walla at 
increaaed building aeparationa could work to the advantage of the 
photovoltaic induatry. Bearing walla, however, have the atricteat 
requireaenta of any aaaeably liated in the building codea. Theae 
requireawnta do not reduce aa the diatance between buildinga 
increaaea aa they did for nonbearing walla. Therefore, there ia an 
incentive to utilize a nonbearing wall to nount a PV array. The 
ability to avoid a need for a fire reaiatance rating for the wall on 
which the array ia mounted could be critical in avoiding building 
code conflict. 

The Underwriter! ' Laboratoriea Pire Reaiatance Directory . January 
1979 Edition, liata typical wall aectiona^. Varioua nMteriala 
manufacturera combine producta to deviae theae typical wall 
aectiona. The typical wall aection ia aubaequently teated by the 
Underwritera* Laboratoriea in accordance with the teat procedure! 
outlined in ASTM E119 Method! of Fire Teat of Building Conatruction 
and Material! . If a fire rating muat be attained (aee Figure 
6.18), there are advantagea to having theae wall aectiona "liated". 
In the peat five yeara, deaign profeaaionala have been forced by 
code officiala to rely more and more heavily upon the hour ratinga 
liated in the U.L. Fire Reaiatance Directory for code compliance 
requirementa. Figure 6.19 ahowa an example of a fire rated wall 
aaaembly. 


^Fire Reaiatance Directory, Underwritera* Laboratoriea, January 1979 
Edition, pp. 472 - SS9. 
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Figure 6.19 

The "listing" of photovoltaic modules by UL would encourage 
designers to specify the products. Designers and code officials 
alike have little fear of legal backlash from problems arising in UL 
approved products. Designers must only show reasonable care in the 
selection of materials "in the light of present knowledge" about 
such materials. Code officials likewise must only show that 
reasonable proof of public safety is present in the design to 
approve construction. The UL classif ications and listing is 
considered to be adequate proof of safety to the public. 

mounting configurations: 

Theoretically, each wall section must be rated for fire resistance 
according to the ASTM El 19 test procedures referenced above. For 
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year*, code officials permitted layers of materials to be applied 
over fire resistance rated wall sections and assumed that the fire 
resistance rating would be retained. However, in more recent years, 
code officials interpret additional surface layers as altering the 
thermal characteristics of the composite wall section sufficiently 
to require new fire resistance ratings (e.g. a typical wall section 
with a PV array attacheo to the exterior). 
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GLAZINC: 


definition: 

Glazing ia a term uaed to describe transparent wall panels. Glazing 
requirements within building codes were originally conceived to deal 
with the problems (particularly fire and impact hazard) associated 
historically with glass. With the utilization of synthetic mate-* 
rials which were transparent, like glass, but had different fire and 
impact characteristics, the term glazing no longer meant glass 
alone. Code officials had come to understand glass and how it 
performed under impact and fire loading. Glazing regulation was 
entirely msterial specific. Different types of glass did not per* 
form radically differently. Different manufacturing processes for 
glass can alter impact and fire loading characteristics depending 
upon heat strengthening or full tempering, embedding of wire mesh, 
annealing, rolling or floating processes. However, the development 
of these processes has not radically altered the thinking of code 
officials about glzas. Some types of glass are somewhat better Chan 
others under particular forms of fire and impact loading. 

The synthetic glazing materials %diich are currently under 
development are transparent like glass. However, this is where much 
of Che correlation ends. Unlike glass, these snythecic materials 
may ignite, smoke, degrade in sunlight, produce toxic emissions and 
deform over time. In addition, these synthetics, unlike glass, have 
a broad range of physical properties; and there are not just a feu 
of these synthetics being used in the building industry or being 
considered for use, there are scores, perhaps even hundreds. 

code requirements: 

Code officials gave up long ago attempting to regulate each of the 
many synthetic materials being considered for use in the building 
industry. Code officials demanded simplification of these nuoierous 
new synthetics. The result was a set of regulations governing the 
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minimum performance of all synthetic materials. They vere all 
lumped together under the generic classification of **plastics'\ 

The following discussion includes both **glass'* and **plastic“ mate-* 
rials regulated by building codes as well as wall mounted ^'glazing'^ 
assemblies. The differences in requirements for plastic glazing and 
glass are outlined. Much of the success of the photovoltaic 
industry to produce an economical and safe product hinges on the 
constituent materials of the modules. The fact that PV modules are 
essentially sandwich panels which have the potential for a wide 
variety of constituent materials— glass, acrylic, steel, concrete, 
ethylene vinyl acetate, aluminum, polyvinyl butyral, tedlar and 
silicon, to name a few — leaves the PV industry open to a very wide 
range of material specific requirements found throughout the codes. 

Building Codes regulate the use of glass as a glazing material on 
the basis of hazard from flame spread and human impact. When 
concerned with fire spread, most occupancy types require the use of 
a wall panel at least 3 feet in height between glazing mounted one 
over the next vertically when the building in question exceeds 3 
stories in height. This wall panel or spandrel panel must equal the 
rating for exterior walls found in Figure 6.9. Required ratings 
depend upon the proximity of the wall to other property or 
buildings. In the case of photovoltaic arrays, due to shading 
concerns, an assumption may be made that the proximity to other 
structures will be in excess of 30 feet of separation. Spandrel 
pan,ils are discussed in greater detail under veneers which follows. 
The logic behind this vertical separation is to pr hibit a fire from 
jumping from floor to floor by breaking the window in one room and 
exposing the outside of the building to flame until the window on 
the next floor breaks, as glass breaks easily under exposure to 
flames. (See Figure 6.20) 
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Figure 6.20 

Generally speakings windows are not permitted in walls of buildings 
which are within 3-5 feet of each other. Window's fire resistance 
must be rated at 3/4 hours if w^.11 is within 10 - 20 feet. This 
fire resistance rating is established through ASTM-E119 Fire Tests 
of Building Construction and Materials . Generally, a distance less 
than twenty feet from the building line of another structure is an 
unacceptable distance for a PV array and, because of potential 
shading difficulties, is unlikely to occur. A 3/4 hour fire 
resistance rating is thus unlikely. 

In most occupancy types (except perhaps Assembly and Hazardous 
Divisions), approved plastics are permitted as a glazing material. 
However, they are restricted to 25-30% of the wall face of the story 
on which they are installed. According to the building codes, 
automatic fire suppression equipment may raise the permissible area 
of glazing to 50-100% of the total wall area per story. The total 
square footage of glazing is limited to 12-16 square feet per panel 
with a maximum of 3-4 feet of vertical height above the first story 
and 10 feet on the first floor. These must be separated from story 
tu »Lury by 3-4 feet or noncorabust ibie material surface finish. The 
plastic materials may not be permitted at heights over 75 feet. 
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Photovoltaic arrays interpreted as a plastic glazing material face 
some tough restrictions. The discontinuity of the array, forced by 
intermediate horizontal bands of noncombustible material, provide 
some serious electrical connection problems, as well as the obvious 
problem of reduced productive area. 

As is seen frequently in the codes, the utilization of fire 
suppression equipment relaxes a great many restrictions. This 
expense is a substantial one, ho«raver, and its justification may 
have to come from a number of related benefits. These could include 
insurance, total area, aesthetic or other benefits. 

BOCA BASIC BU1U)IN6 CODE 1981 EDITION 

SECTION 201*0 OENERM. DEFINITIONS: 

PLASTIC NAU PMELS: PLASTIC NATERIALS NHICH ARE FASTENED TO 

STRUCTURAL HBOERS, OR TO STRUCTURAL PANELS OR SICATHINO^ AND NHICH Ai£ 

USED AS L 16 HT TRANSHITTING NEDIA IN EXTERIOR MALU* 

Figure 6.21 


Related to plastic glazing is the light transmitting plastic wall 
panel, as defined in Figure 6.21. These are typically translucent 
or corrugated plastics which integrate into a similarly formed metal 
sheet siding system. These panels are limited in area according to 
Figure 6.22 below. 

AREA LIMITATION AND SEPARATION REQUIREMENTS FOR PLASTIC MALL PANELS* 


Fire separation 

Class of 
plastic 

Max. t ai^a 
of ext. wall 
In plastic 
panels 

Max. sq. ft. 
single area 

hlnlmuni separation 
of panels 
(ft.) 

Vertical Horizontal 

Less than 6 ft. 

• •• 

NPC 

NP 

... 


6ft, or Biore 

Cl 

ifi 

50 

B 

'-T 

but less than 11 ft. 

C2 

NP 

NP 



11 ft. or more 

Cl 

25 

9fi 

P— 

'-T 

but less than 30 ft. 

C2 

15 

70 

8 , 

4 

fiver 3(1 

cl 

“ "TO " 

Not limited 


0 


C2 

50 

100 

6b 

3 


Note a See Section 2403 3 for combination of glazing and wall panel areas permitted 
Note b See Section 2403 1.5 
Note c Not permitted 

Note d 1 foot « 304.8 flm. 1 square foot « 0.093 m^ 

Figure 6.22 
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Due CO shading considerations, a fire separation (see Figure 6.23) 
of over 30 feet ma- be assumed. Even with Cl plastics (see Figure 
6.22), only SOX of the wall face may be covered with a plastic 
veneer. Although horizontal PV bands of Che veneer are possible, 
they must be separated vertically by a 3 Co 4 foot band of noncom- 
bustible material (as determined by ASTM R136 Test for 
Noncomtustibility of Elementary Materials) . 


BOCA BASIC BUUBING CODE 1981 OITION 
SKTION 201*0 6ENEIMI. DEFINITIONS: 

FIRE separation; exterior fire exposure: the distance in feet neasured 

FRON 1HE BURDINS FACE TO THE CLOSET INTERIOR LOT LINE/ TO THE CENTER 
LIRE OF A STREET OR PUBLIC MAY OR TO AN IHA61NART LINE BETWEEN TWO 
BUILDINGS ON THE SAME PROPERTY* 


Figure 6.23 

As previously stated for plastic glazing, a module which extends 
through the wall from inside surface to outside surface (found only 
in some integral mounting configurations) may be the only applica- 
tion where Che code official may interpret Che module as a plastic 
wall panel. The obvious disadvantage of limited surface area would 
provide Che same sort of electrical interconnection and surface area 
continuity problems encountered in Che assessment of plastic 
glazing. 

mounting configuration: 

Any wall mounted PV array which is inclined from vertical over 15 to 
30 degrees may be subject to the requirements outlined above. The 
appearance of broad expanses of glass or of plastic may lead to a 
glazing interpretation despite the inability of PV modules to 
transmit light, the coomon function of glazing', materials. Integral 
wall mounts would be especially susceptable to such glazing 
interpretations. 
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INSULATION: 


definition: 

An insulation material is utilized in most wall sections to inhibit 
heat flow, either into or out of a structure. 

code restrictions: 

Building codes seem to be headed in the direction of mandatory 
energy savings features in the interest of public welfare. The Los 
Angeles building code refers to the insulative standards set within 
the California Administrative Code Title 25. However, this is only 
a possible trend. Insulation to comply with energy savings concerns 
certainly does not need to come within the PV module itself unless 
the module is intended to form a prefabricated composite wall panel 
which extends from inside surface material to outside surface 
material. 

The building codes have another more direct public welfare concern. 
Even though the material for insulation is generally protected from 
mechanical destruction with some sort of hard exterior and interior 
surface finish, the insulation may potentially become involved in 
combustion. Figure 6.26 identifies ten major types of insulation 
material. "Combustibility" has been identified according to the 
minimum standards established in ASTM E136 - Standard Test Method 
for Noncombustibility of Elementary Materials . Values for surface 
spread characteristics, flame spread, fuel contribution and smoke 
developed are derived from AST>; E84 - Test for Surface Burning 
Characteristics of Building Materials results. 


Insulation 

Materials 

ASTM El 36 

ASTM E84 

Combustibility 

Flame 

Spread 

Fuel 

Contrib. 

Smoke 

Developed 

Cellular Glass 

Noncombust ible 

5 


0 

Cellulose 

Combustible 

15-40 

0-40 

0-45 

Fiberglass 

Noncombust ible 

15 - 20 

5-15 

0-20 

Mineral Fiber 

Noncotobustible 

15 

0 

0 

Perlite 

Noncombustible 

0 

0 

0 

Polystyrene Foam 

Combustible 

5-25 

5-80 

10 - 400 

Polyurethane Foam 

Combustible 

25 - 75 

10 - 25 

155 - 500 

Polyisocyanurate Foam 

Combustible 

25 

5 

55 - 200 

Veruiculate 

Noncombustible 

0 

0 

0 

Urea-Based Foam 

Combustible 

0-25 

0-30 

0-10 


Figure 6.24 


Five of the ten insulations listed in Figure 6.24 are rated 
"combust ille" according to the results of ASTM E136. Of these five, 
four are foamed plastics. These are polystyrene, polyurethane, 
polyisocyanurate and urea-based foams. The other is cellulose which 
is shredded or milled wood pulp and/or recycled paper. 


When analyzing glass versus plastic glazing materials, building 
codes regulated the function of "glazing" based upon the material 
associated traditionally with glazing: glass. The advent of 

"plastics" (see glazing — plastics. Pages 6-35 to 6-39) forced code 
officials to alter their thoughts about light transmitting media. 
Foamed plastics had a similar effect on insulation materials. 
Typically, fire hazard is approached on a fairly vague and general 
manner as illustrated in Figure 6.25: 


BOCA BASIC BUILDING CODE 1981 EDITION 


SECTION 1318*0 THEMM. AND SOUND INSUUTIN6 MATEKIALS 


1318.1 - 6ENERAL: INSULATING BATTS, BLANKETS, FILLS OR SIMILAR TYPES OF 
MATERIALS INCORPORATED IN CONSTRUCTION ELEMENTS INCLUDING VAPOR BARRIERS 
AND BREATHER PAPERS OR OTHER COVERINGS NHICH ARE PART OF 1HE INSULATION, 
SHALL BE INSTALLED AND USED IN A MANNER THAT NIU NOT INCREASE THE FIRE 
HAZARD CHARACTERISTICS OF THE BUILDING OR ANY PART THEREOF* 


Figure 6.25 
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Before the advent of foamed plastics* prevalent insulating materials 
were mainly noncombustible natural mineral materials; mineral fiber* 
fiberglass, cellular glass, perlite and vermiculite. Cellulosic 
insulation has some special requirements. They must have a flame 
spread rating of 25 or less when tested in accordance with ASTM E84 
Test for Surface Burning Characteristics of Building Materials . 

Also* they must meet the requirements outlined within CPSC Standard 
16 CFR Parts 1209 and 1404; The Consumer Products Safety Commission: 
Cellulose Insulation - Interim Safety Standard . 

Foam plastics themselves are heavily scrutinized within building 
codes. All foam plastics and foam plastic cores in manufactured 
assemblies must achieve a smoke development rating of 450 according 
to ASTM E84: Test for Surface Burning Characteristics of Building 

Materials . They must also have a flame spread rating of 75 or less 
according to the same ASTM E84 test* A half inch gypsum barrier or 
the equivalent which provides a 15 minute barrier during a fire is 
required between foam plastics and habitable spaces. Such a barrier 
must inhibit temperature change of over 230^F as well as remain 
intact for the 15 minute period. 

Some of these requirements are somewhat relaxed* although not 
completely eliminated* when less fire resistive construction is 
utilized (such as Types 2C* 3* or 4 in Figure 6*7) in conjunction 
with fire suppression equipment. In the end* an array may be forced 
to undergo full scale testing to satisfy the building code official 
to demonstrate limited flame spread. 

mounting configuration: 

Over the course of time* photovoltaic modules may develop into com- 
plete building component wall panels which are utilized in prefabri- 
cated construction. Near term* however* the desire to expel heat 
from the module as quickly as possible for electrical efficiency's 
sake may preclude the use of thermal insulation materials. However* 
if for some reason the PV manufacturer should include insulation 
materials* the restrictions outlined above %iould apply. 
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INTERIOR SURFACE FINISH: 


definiclon: 

Any material exposed to occupants on the interior of a building 
which serves a decorative, acoustical or protective function must 
comply with the requirements for interior surface finishes. This 
includes any interior exposed construction. 

code restrictions: 

Any surface exposed to the interior space of a building, tdiere 
occupants will be exposed to and confined with the materials, will 
need to meet some minimum requirements for the avoidance of hazard 
to occupants. Code officials may be concerned with long-term 
degradation of the surface materials. Any flaking, peeling or dust 
generation, especially where these materials are recognized as 
potentially hazardous to humans when inhaled, ingested or exposed to 
skin or eyes, will be disallowed. However, fire hazard is of 
particular concern. 

Any surface material 1/28" thick (1 nm or 35.7 mils) which is no 
more of a fire hazard than paper and applied to a noncombustible 
backer will be permitted on the interior of buildings. Noncombusti- 
bility ia determined according to ASTM E136 Test for Noncombusti- 
bility of Elementary Materials . Also, a noncoabustible base covered 
with less than an eighth of an inch of combustible material having a 
flame spread rating of SO or less according to ASTM E84 Test for 
Surface Burning Characteristics of Building Materials will be 
permitted. 

For other interior surface materials not oieeting this criteria, a 
smoke development rating of over 450 according to ASTM E64 is not 
acceptable. All surface finishes satisfying this requirement are 
divided into three groups as described in Figure 6.26. 
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BOCA BASIC BU1LDIN6 CODE 1981 EDITION 
SECTION 1<I21.5*3 FUWE SNEAD CLASSIFICATIONS 


ORIGINAL PAGE IS 
OF POOR QUALITY 


THE CLASSIFICATION OF INTENION SUSFACE FINISHES REFERRED TO HEREIN 
CORRESFOND TO FLAME SFNEAD NATINSS DETERMINED p ASTM ^ ( TEST FON MIRFi>Cg 
MIRMIMR OttfATTENISTH^ RF ■umniB MSTMIALS) AS FOLLOMS* CLASS I FLAME 
SFNEAD^ 0-St CLASS II FLAME SFNEAD CLASS III FLAME SFREAD 76'’200« 


Figure 6.26 


Figure 6.27 illueCreCes Che verious classificaCions of flame spread 
permiCCed for required vertical exits and passage ways, corridors 
providing exit access and room or enclosed spaces. 


I 



I 


\ 


I 

I 

f 

4 

i 

t 


A-1 

A-2 

A-3 

A-4 

8 

F 

H 

M 

1-2 

H 

P-1 

R-2 

P-3 

S-1 

S-2 


18TEP10P FINISH PEQUIREI€MTS>< 


Use groups 


vtrticil 
tilts and 

PtSSittWtYS^ 


corridors 

iroviding 

tilt 

KCtSS 


Asstubly, tiMttrts 
Assinbly, clubs 
Asstably Ntlls, ttmlntlSA 
restaurants 

Assaab1y» churches • schools 
Business 

Factory and Industrial 
High haaard 

Institutional, restrained 
Institutional, Incapacitated 
Marcantlle walls, 
ceilings 

Residential, hotels 
Residential, «uU1-fan11y 
dwellings 

Residential, 1 and 2 fanlly 
dwellings 

Storage, eoderate hazard 


I 

I 


!! 




If 


III 


HI 


II 

II 


II 

II 


Mote a. Regulreeents for rooM or enclosed spaces are based upon spaces 
enclosed In partitions of the building or structure; and where fire resistance 
rating Is regulred for the structural elements, the enclosing partitions shall 
extend from the floor to the celling. Partitions which do not coaply with this 
shall be considered as enclosing spaces, and the rooms or spaces on both sides 
thereof shall be counted as one In drtermlnlng the applicable requirements for 
rooms or enclosed spaces. The specific use or occtpancy thereof shall be the 
governing factor regardless of the use group classification of the building or 
structure. When an approved automatic fire suppression system Is provided, the 
Interior finish of Class II or III materials may be used In place of Class I or 

II materials respectively, where required In the table. 

Note b. Class lit Interior finish materials may be used In places of 
assembly with a capacity of 300 persons or less. 

Note c. Class 111 Interior finish material may be used In administrative 
areas. Class II Interior finish materials may be used In Individual rooms of 
not over 4 persons capacity. Provisions In Note a allowing a change In 
Interior finish classes when fire suppression protection Is provided shall not 
apply. 

Note d. Class 111 interior finish materials may be used for wainscoting or 
paneling for not more than 1,000 square feet of applied surface area In the 
grade lobby when applied directly to a noncombustible base or over furring 
strips applied to a noncond>ust1ble base and firestopped as required by Section 
1422.0. 

Note e. Class III Interior finish materials may be used In mercantile 
occupancies of 3,000 square feet or less gross area used for sales purposes on 
the street floor only. (Balcony permitted.) 

Note f. Lobby areas may be Class II. 

Note g. Nhere building height Is over two stories, shall be Class II. 

Note h. The classif Icatlon of Interior finishes referred to herein 
correspond to flmim spread ratings determined by ASTM C84 listed In Appendix A 
as follows: Class 1 flame spread, 0-2S; Class II flame spread, 26-75: Class 

III fimue spread. 76-200 (see Section 1421.5.3). 

Note 1. 1 squar* foot « 0.093 m^ 


Figure 6.27 
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A» c4n b« plainly aaan, laaa hasardoua occupancy uaa groupa (auch aa 
1 and 2 faatily raaidantial, lov and laodaraea haaard atoraga) 
ganarally have louar flane apraad racing rcquiraaencat On cha ochar 
handy where Che conaequencea of a fire for a heavily populaCed or 
confined apace (auch aa nighc cluba, priaona, CheaCera or hoapicala) 
are aevere, Che flaaie apread requireawnCa are aevere. Generally, 

Che flane apread requireaienea for horiaooCal and verCical 
circulaCion paCha are more aCringenC Chan choae for roona and 
encloaed apacea. 

The requiremenCs for inferior aurface naCeriala may be aaciafied 
when Che "plaacic" maCerial found expoaed in Che room ia in a layer 
leaa Chan 1/28 of an inch (1 mm or 37.5 mile) Chick and applied 
direcCly Co a nonconbuacible layer aa deacribed above. The burden 
on Che PV manufacCurer ia Co reaaonably illuaCraCe Chac any 
"ploaCic** layer ia, indeed, no more of a fire hazard Chan paper. Aa 
ia noced in Figure 6.17, produces of conbuaCion from varioua 
plaaCica (aa wiCh wood and Chua paper) vary aa Che compoaicion of 
Che laaCerial and quanCiCy of oxygen available for combuaCion differ. 
The PV manufacCurer muaC aaaemble reaaonable daCa from varioua CeaCa 
which will convince code officiala of Che module* a aafeCy aa an 
inferior aurface finiah. 

mounC ing conf iguraC ion : 

An inCegral wall laounCed module which exCenda Chrough Che wall from 
Che ouCside Co Che inaide aurface of Che building %rould be Che only 
mounCing conf iguraC ion of concern for an inferior aurface finiah 
ini.erpreCaCion. UCilizing an inside aurface maCerial wiCh a flame 
apread racing lower Chan Class I, only serves Co limic Che number of 
pocencial insCances tdtere a module can be uCiliaed. PlasCic 
maCerials ucilized in lighc CransmiCCing applicaCions (see Section 
6.22), or Chose PV modules which a code official may correlaCe wich 
plasCic glazing, musC meeC Che requiremenCs for inferior aurface 
finish maCerials. This SMy be a parCicular concern where Che module 
has whac may be inCerpreCed as a "plastic** subsCraCe exposed to Che 
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interior space. The requirenents outlined in this section also 
apply to theroal and acoustical insulation when exposed to the 
interior sapce of the building. 
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MAINTENANCE EQUIPMENT SUPPORT: 


definition: 

Maintenance aupport structure shall be considered to be any device 
which is intended to provide structural support for the safety of 
maintenance employees (both skilled and unskilled maintenance 
esq>loyees) and insceliation personnel, where pertinent. This 
structure nay include fastening devices for straps, safety belts or 
lines or it may include tracks or rails for carts, platforms or 
similar maintenance equipment. 

code restrictions: 

Building codes are primarily concerned with the safety of workmen 
who must maintain the PV array. Maintenance can be broken down into 
two subgroups: preventative (periodic) maintenance and corrective 
(sporadic) maintenance. 

Due to the potential need to clean the array or to visually inspect 
the modules, periodic access to the array may be necessary. When 
the array is to be accessed from the outside, any building over SO 
feet or 4 stories in height must have anchors or other approved 
safety devices for all window openings. If translated to PV, this 
could mean anchors for each module or panel. These anchors must be 
of approved design and of corrosion resistive msterials and attached 
securely to the window frame or to the exterior wall of the building 
itself. This approval must be subjectively awarded or denied by the 
code official. Cast iron and cast bronze are prohibited. 

The additional risk of contact ifith electrically live parts makes PV 
module replacement inherently more hazardous than periodic 
maintenance. In addition, replacement of a nodule nay be required 
as a result of the physical destruction of the module. The 
resulting replacement would be more hazardous yet. Safety lines and 
straps could be a necessity. Even if an electrical shock itself 
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wcr« not to endnnger the mrker directly, the increesed danger of a 
fall neceaaitatea apeclal aafety precautiooe. Code officiala are 
aiailarly concerned about conductive aateriala utilised for 
aaintenance equipment irtiich may increaae the hasard to the worker. 

mounting configurations: 

Any wall mounting configurations may be required to have maintenance 
support equipment if periodic maintenance is anticipated. 
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VENEERS: 


definition: 

Veneers ere Chin leyers of weterproof exterior surface material 
which are either adhered or mechanically fastened to a structural 
backer. 

code restrictions: 

Adhesives may be required to be one quarter to five-eighths inch 
Chick. They must have half of the area of the veneer directly 
adhered to the backer. The total area of an adhered siodule may be 
restricted to five square feet. The greatest single edge may be 
restricted to three feet, and the maxiisum weight per square foot 
area is fifteen pounds. If adhered nodules weigh less than three 
pounds per square foot, there are no dimensional or area 
restrictions. Mechanical fasteners oiust be noncombustible and 
corrosion resistant. Theae fastening devices must carry Che 
compressive and tensile wind loads applied to modules as well as the 
shear loads experienced from dead loading. 

Building codes address three different types of veneer materials 
%diich may be of general interest when correlating veneers to PV wall 
mounted arrays: metal, plastic and glass veneers. 

Metal veneers must be made corrosion-resistant by coating materials, 
if not inherently resistant. The veneer must be supported on an 
approved metal frame which is also protected from corrosion by gal- 
vanizing, paint or some other approved means. These approvals must 
be subjectively awarded or denied by the building official. Metal 
veneers may be required Co be grounded as described in Figure 6.28. 
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BOCA BASIC BUUBIIK CODE 1981 EDITION 
SECTION 1307*4 6RQUNDINB fCTAL VENEERS: 


ONOUNDINS OF NETAL VENEERS ON ^ KIILSINSS SHALL COMPLY MITH 
MENTS OF ARTICLE 2) AND NFlPA ^ (THE NATIONAL ELECTRIC LODE^ 

edition)* 




Figure 6.28 

Plastic veneers must be "approved plastics" as defined in Figure 
6.15. Plastic veneers may not be permitted above the first story 
within fire limits. Outside fire limits, plastic veneer may not be 
permitted over 35 feet. Sections of plastic veneer are restricted 
to 200 square feet inside fire limits and 300 square feet outside 
fire limits. Such sections must be separated by four feet of 
noncombustible material vertically. Material must be noncombustible 
according to ASTM El 36 Test for Noncombustibility of Elementary 
Materials . 

The ICBO Uniform Building Code permits the use of any plastic veneer 
which can pass as a noncombustible material according to ASTM E136 
Test for Noncombustibility of Elementary Materials or any material 
which has a thickness of less than one-eighth inch which is applied 
to a noncombustible backer and has a flame spread rating of 50 or 
less according to ASTM E84 Test for Surface Burning Characteristics 
of Building Materials . The maximum dimension or area of such 
plastic material is not regulated. Otherwise, "approved plastics" 
experience the same restrictions outlined above. 

For veneers less than one inch thick, the Los Angeles building code 
requires that the module be less than four square feet in area. The 
greatest dimension of the module must be four feet or less. The 
total area of a side or story of a building regulated by the Los 
Angeles building code is 30Z coverage with a plastic veneer. 

The primary code concern for glass veneers is the secure connection 
of the material to the exterior structure of the building. All 
codes studied suggest a combined utilization of adhesive mastics. 


ccrrosioo resistant natal ties, and corrosion resistant metal clips. 
The greatest area the module can be is ten square feet with the 
greatest side being four feet. Special consideration is given to 
the edge conditions of the glass. The edges themselves must be 
square and not mitred. The corners of the glass must be rounded. 
Joints are of similar concern, due to the consequences of fracture. 
One thirty second to One-sixteenth inch is necessary for all joints. 
Where the units meet a nonresilicnt edge, a quarter inch joint is 
required. In addition, glass veneer may aot be permitted at heights 
exceeding 35 feet. 

In all wall aiounted configurations where the PV array does not 
deviate more than 15 to 30 degrees from vertical, code officials may 
be prone to look at exterior surface veneer requirements for similar 
materials. The two obvious issues are flame spread, as is most 
strictly regulated for plastic veneers, and breakage with resulting 
potential for pedestrian injury below, as is most strictly regulated 
for glass. Obviously, with the exposed surface of a PV module being 
either a plastic or a glass, these two related issues are the top 
candidates for consideration. The restrictions associated with 
plastic veneers may apply to "plastic" PV modules. As is pointed 
out in a description of "plastics" as a material, if under fire 
conditions the synthetic potant of a PV module makes it perform more 
like a plastic, even though the cover material oiay be glass, the 
restrictions associated with plastic veneers may be applied to the 
array. The dimensional and total area restrictions associated with 
plastics are fairly severe, not the least of which may be the need 
to use "approved plastics". Similarly, the need to restrict the 
diiaension of the module to ten square feet or to a maximum edge of 
four feet could hanger the development of a more economical, larger 
module. 


aouating coafiguration: 


The PV array, due Co Che need for occaelonal nodule replaceaenC and 
periodic oaincenance will probably be nounced in a fairly unusual 
Bouncing sysCea which aay noc correlaCe exacCly wich Che mounCing 
sysCeas Cypically found for veneers addressed in Che codes. Due Co 
Che differences in aouncing aechods beCween veneers as addressed in 
Che codes and FV arrays, avoidance of area resCr ice ions placed upon 
glass veneers based on Che propensiCy for Che uniCs Co break, 
endangering people below, aay be successfully argued by Che PV 
aanufacCurer. 
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VERTICAL PASSAGE FZSEST0PPIM6: 


definition: 

Any vertieel opening which would permit the epreed of flame or emoke 
in the event of a fire may be required to be plugged. 

code reatrictiona: 

Building codea inaiat that all buildinga be fireatopped at each 
floor, between ceiling and roof and at leaat at eight foot intervale 
to prevent the free apread of flame from one aection of the building 
to the next. Maaonry walla furred with a coad>uatible material muat 
be fireatopped. The materiala which are utilized for fireatopping 
muat be noncombuatible aa determined by ASIM E-136 Standard Teat for 
Noncombuatibility of Eleawntary Materiala . Specific materiala 
permitted by the codea include: brick, concrete, gypaum, iron, 

ateel, aabeatoa, metal lath, cement or gypaum plaater, mineral wool 
and rock wool. 

mounting configurationa: 

Since fire apread prevention ia the obvioua laotivation in the 
definition of fireatopping, fire dampera may be an alternative to 
prevent flame paaaage through vertical paaaagea. However, due to 
the inherent heat generation of a photovoltaic array, a heat 
aenaitive damper operation awchaniam may prove to be inappropriate. 
Fire daa^era muat meet the requirementa of UL SS5 Standard for Fire 
Dampera . Thia may prove to be more expenaive than fireatopping but 
more deairable from an array operations performance standpoint. 

Hall mounted PV arrays may be subject to these fireatopping 
requirements. This could pose aoaie heat transfer problems if 
cooling via ducted air from behind is employed, for instance. Thia 
could be particularly important in a curtain wall system which is 
structurally independent of the floor. Natural openings would 
therefore occur from ground to roof which need to be fireatopped. 
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HALL LOCATION CONCLUSIONS: 



If PV arrays are to be utilised in wall locations requiring a fire 
resistance rating, PV suinufacturers isust consider listing PV arrays 
as part of typical wall section in the Underwriters* Laboratory’s 
Fire Resistance Directory. 

It is not difficult to picture Figure 6.19 as a typical wall section 
listed in the UL Fire Resistance Directory which may incorporate a 
PV module or panel as an exterior surface finish. In addition, it 
is not difficult to imagine several PV manufacturers producing 
similar products and sharing the expense of the UL test procedure as 
concrete sumufacturers in Figure 6.19, item number three have. 


If wall mounted PV array is inclined from vertical at less than 15 
to 30 degrees, wall veneers and glazing systeias most resemble the 
array. 


There are many reasons, however, as to tdiy either a veneer or a 
glazing system are not a perfect fit. Veneers are restricted 
primarily due to their coi^ination of large weight and laounting 
^/Sterns. PV arrays will be very light conquered to most traditional 
veneers. Also, the function of a veneer is to serve as a surface 
finish, which due to its exposed surface, is also true to the PV 
array. Although this function is primarily the same in appearance; 
materials and mounting systems for PV wall mounted arrays may mere 
closely reseudile glazing systems. The function of a glazing system 
is to transmit light, on the other hand, which does not occur in a 
PV module. 

Veneers are priaurily restricted to prevent material from falling 
off of a building, endangering people below. This would not be a 
primary problem with PV arrays as the mounting details %rould 
probably be more refined than veneers and weight of the PV module 
would be significantly lower than most veneer sMterials. Glazing 
systeoM are primarily concerned with spread of fire and with human 
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iap«ct hasard. Plaatie aurfaca aatarfalat parhapa including pottant 
■atariala. could cauaa flameapraad haaarda. Howavar, if tha PV 
array uara maraly a layar ovar ochar building aatariala, chara would 
not ba tha aaaa flaaw apraad haaard that ia noraally aaaociatad with 
glaaing syatama aa daacribed above under glaaing. 

For wall applicationa, there would aeaa to ba aooe aarioua incentive 
to avoid the uae of "plaatica" in order to avoid the reatrictiona 
placed on plaatie wall panels and glaaing. To fall back on the UL 
labeling or insurance industry approval of a product as described in 
Figure 6.29, aiay circuwvent such a problem. Since the elimination 
of "plastic" pottant material is unlikely, the performance of glass 
covered modules under fire conditions (or, more accurately, under 
standard testing procedures for fire perfonssnee evaluation) may 
loom aa the single most important question mark. If early perform- 
ance in standard tests or in service demonstrates that a glass cover 
breaks readily and pottant behind smokes, ignites or ooaes out, the 
entire module could face aome of the tough area reatrictiona impoaed 
on plastics. 
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Over all of these codes snd standards and influencing all of 
then, including those of the federal govemaent, are the 
standards of the insurance industry. These are embodied in the 
National Building Code and the standards and recomaendations of 
the National Fire Protection Association, the American 
Insurance Association, Factory Mutual, and the Factory 
Insurance Association. This again is an extra legal pattern of 
control. Those who generate these standards and codes make no 
claim for them of legal status. Actually, their standards are 
accorded great weight because they are outside the tug and pull 
of political negotiation and stress and are presumed to be 
objective because they are promulgated by persons solely 
concerned with the highest standards of fire safety and 
electrical safety. They are given great weight by building 
officials who are interested in staying out of jail. It is 
axiomatic if a fixture, for exasq>le, had a UL label; no jury is 
going to convict you for malfeasance because you permitted it 
to be used despite the fact that it might not have been in 
accordance with your code. There is, of course, even more 
reliance on UL Standards in those localities that don't have a 
code. Almost without exception, a UL approved applicance can 
go in whether there is an applicable regulation or not. Most 
architects and engineers actually specify in terms of UL 
requirements and UL labels. A good many plastics have moved 
into building — courtesy of the UL label on the appliance or 
fixture of which the plastic is a component notwithstanding 
anything in the building code to the contrary.^ 


Figure 6.29 

Complete through-the*nfall sections where the PV array contains all 
materials from inside surface material will increase resistance from 
regulatory restriction greatly. 

Such a through-the-wall section PV panel will complicate regulatory 
compliance primarily by giving more and more opportunity for the 
building code official to reject the array. ‘Die code official will 
be judging interior surface finish, exterior surface finish, fire 
resistance rating, electrical subsystem and insulation materials and 
unless the most stringent requirements for each is met, the chances 
of various code officials rejecting the "prefabricated building 


^Frits Rarig, Codes that Guide the Plastics Industr 


panel" are quite high, leaadhar too that the coda official aay ha 
faced with local praaaura to raaiat the uaa of prefabricated 
building ayatOM. Local carpantara and contractora aay perceive an 
adjuatnent of work allocation which laavae than with relatively laaa 
enploynent. ^ia could lead to praaaura on coda officiala to rafuaa 
thaaa prefabricated panala aa wall. Daaign profaaaionala taay object 
to a lack of interior aurfaca finiah aalaction or a lack of dioica 
for eharaal raaiatanca coafficianta aa wall. Thaaa all point toward 
aavare diaincantivaa in a coaplicatad prefabricated building panel 
approach to photovoltaic panel Mnufacture and aarkating. 


3*2 ROOF LOCATION: 


The following list of building component eseeabllee mey be Inter- 
prete d as having visual or functional slallarltlee with Rad: Roof* 
Integral Roof, Direct Roof or Standoff Roof Hounted PV arrays: 

• Awning 

• Fire rated assembly 

• Fire stopping 

• Insulation 

• Interior surface finish 

• Maintenance support structure 

• Roof covering 

. Roof sign 

• Roof structure 

. Skylight 

. Vapor barrier 

Along with sections of the building codes which regulate the use of 
each assembly, commentary on ».he Impact to the development of PV 
markets resulting from restrictions Imposed by any such Interprets** 
tlonal correlation Is presented* Conclusions are stated addressing 
how such Interpretations should be encouraged or discouraged* When 
the dlscusslon(s) are similar or identical to those given earlier 
under "Wall Location”, reference will be ude to that section. 
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AHN1NC8: 


definition: 

The definition end code requireaente for etminge, identified under 
WALL LOCATIONS, AWNINGS, would epply to roof mounted PV erreye 
interpreted ei ewninge. (See Pege 6-28.) 

mounting configuretion: 

Any errey mounted et the edge joint well end roof (see elso MANSARD 
ROOF, Pege 6-74) mey be considered to be en owning by code 
officiels. Code officiels ere perticulerly concerned when eny pert 
of e building roof extends over public domein beyond the fece of the 
well. 


FIRS RB8I8TANCB 8ATBD A88BMBLT: 


definition: 

The concept of fire ceeietence reting end its isqtortence to the 
reguletion of fire sefety in buildings is outlined in depth under 
HAll LOCATION8. FIRE RB8I8TA10 RATED A88BMBLT (see Pege 6-31). 

Fire resistance is rated in hours of resistence with structural 
integrity retained. These hours ere deterained by conperison of 
actual test ssaple ssseablies constructed and exposed to the 
teaperatures described in Figure 6.10 as e function of tiaw. 

code restrictions: 

The building codes rate roof systea fire resistances as s function 
of construction type end, in some cases, of uppermost story ceiling 
height as can be seen in Figure 6.30. 
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Figure 6.30 
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Oth«r ao4«l cod«a aiaply U«C « aingU fir« r*«lttaiic« rcquircaiae 
for roof coastructiim. Som codot typically offer no credit (in 
rating reductions) for increased ceiling hei^t. The values for the 
ICBO Unifons Building Cede and the 8B0C Standard Building Code are 
practically the sans as the values for roof Mnatruction at IS feet 
or less in height to lowest Maher depicted in Figure 6*30. 

As can be seen, there is a neceasity to achieve a fire resistance 
racing within the roof systea to be accepted across the entire 
spectrua of construction types (and thus extensively in the building 
industry). In the past five to ten years, the building industry has 
developed a greater and greater reliance upon the fire resistance 
ratings assigned to particular roofing systea designs (such as arc 
depicted in Figures 6.31, 6.32 and 6.33) as teatad and publishad by 
Underwriters Laboratories. 
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Ossigii No. K02 

l« 0 train«d Att€«bly Bating-*! Hr. 
Uarattrainad Aaacably Rating**! Hr. 

Daaign loading to ba govamad by daf lection of W360. 
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1* CUy toefing TiUt — gqa. 14 by 9 by 3/4 ia. clay roof lag tilaa, iatar locking 
lipa, vich too aailing bolaa. to. waigbt, 1.1 lb. aach. Attacbad to roof 
with 1*1/4 ia. long gala, ataal barbad roofing aaila. Adjacaat rowa 
auggarad 4*1/2 in. 

2. Baaa 8baat**Aapbalt*aatoratad rag fait, Claaaifiad aa Built*Op Roofing 
Coaaring Natariala* (aaa Claaaifiad Building Matariala ladax). Ona layar of 
43 lb. fait or too layara of 30 lb. fait. Attacl.ad to roof dock with 3/4 
in. loaf galv. ataal barbad roofing aaila apacad 30 ia. O.C. laagtboiaa and 
18 ia. O.C. acroaa tha ahaata. Adjacaat abaata oaarlappad 4 in. 

3. loof Oack**gxtarior grada plywood, 3/6 in. thick. Attached to craata of 
ataal dack uaita with 2*1/4 ia. long aalf*drilling« aalf-tapping fhillipa* 
nailing atripa (Itaai 4) ara uaad, plywood ahaata attachod to nailing atripa 
with 4d naila apacad 16 ia. O.C. along aidaa and H in. O.C. in tha field. 

4. Hailing 8tripa**(0ptional)**gonioal 2 by 3 in. Douglaa fir Ittoar. Spaced 
approx. 40 in. O.C. perpendicular to ataal deck. Attached to craata of 
ataal dack with 2*1/4 in. long aalf*drilllag, aalf*tappiag yhillipa*haad 
ataal acrawa apacad 24 ia. O.C. 

5. Mineral and fiber Boarda*-*24 by 40 by 1-1/2 in. thick. Vhaa nailing atripa 
ara uaad, boatda placed batwacn and perpendicular to aailing atripa. 

Crefco, Inc. 

Johna-Manvilla Corp. 

6. Steal Boof Dtck—Claaaifiad aa Steal Floor and Fom Onita.* 3, 4*1/2, 6, or 
7*1/2 in. deep galv. uaita* 12 or 24 ia. wide, 20 MSC nin. flutad nnita. 
Raided to aupporta 12 in. O.C. nan. 1 Onita with interlocking 
atanding-rib*typa aide joiata button-punched or welded together 36 in. O.C. 
along aide joiata. 

Inland-tyaraoa Conat. Froda. Co.—Typaa 3H, H. 

lobartaon Co., H. B.— Typaa 5, 21. 

7. Furring Channal—Bo. 23 NSC galv. ataal, 2-3/6 in. wide by 7/6 in. deep, 
apacad 16 in. O.C. ascapt 6 in. O.C. at wnllboard and joiata. Secured to. 
ataal dack with a double atrand of IS SRC galv. ataal wire, apacad 24 in. 
O.C., inaartad through two 1/6 in. dian. holaa drilled through craat or 
vallaya of ataal dack or to integral hangar taba in vallaya of ataal deck. 
Adjoining langtha of channala lapped 6 in. and tied at both anda of lap with 
double atrand of 16 SRC galv. ataal wire, khan no cold-rolled channala ara 
uaad, nax* depth between top of furring channel and hot tea of ataal dack to 
be 3 in. Bhara a large planw depth ia daairad, furring channala wire tied 
with a double atrand of 16 SRC galv. ataal tie 'wire to 1*1/2 in. cold rolled 
channala fomad fron 16 NSC painted ataal and auapandad fran ataal dack with 
12 SRC galv. ataal wire. Ho. 12 SRC wirea pig-tailed through dack or 
aacurad to integral ataal dack hangar taba. Spacing of 1*1/2 in. cold 
rolled channala not to exceed 24 in. O.C. 

6. Rallboard, Oypaiai*— 5/6 in. chick, attached with long diaenaion 

perpendicular to furring channala. Rallboard faataned to furring channala 
with wallboard acrawa apacad 1 in. and 6 in. froa aide joinca and 12 in. 

O.C. ia the field of aach board. Rallboard atrip, 3 in. wida by 5/8 in. 
thick, cantered over and joiata on back aorfaca of boarda. Joiata any be 
covered with Joint tape and coapound or left nacowarad. 

United Stataa Cypaua Co »— Foil-backed Type C* 

9. Screw, Rallboard— (Hot Shown)— Bo. 6 Fhillipa-typa (flathaad) aalf-drilling, 
aalf-tapping acrawa, 1 in. long. Screw haada nay be axpoaad or covered with 
joint coapound. Scrawa aay be driven either fluafa or alighcly indantad (not 
deeper than 1/64 in.) into tha axpoaad aurfaca of the wallboard. 

^Bearing tha UL Claaaification Narking 



Figure 6.32 
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MOS 

atstralMd Katiaf— 3 Hr. 

Atita^ly IUtiiig»*3 Hr« 



K Roof CovtrUig*— Cl«M A» 8 or C Suilt-Op Roof Cororin« MatorUlt coMirCicit 
only of itlt and oopRolc (or cool car ^tch) Mactrialo in alcamaco layaro. 
Son RiiiMiat MaCariala Diraccory. 

2* Parlica Concrota-«A.2 eo* ft. yarlita concrata agsragata* Co 94 lb. yortlaad 
coBonC, and 1-1/2 yc. air-ancraioini aganc. Coapraaaiva acrangth SO yoi 
■in. 

Airlica Proaaaaing Cory, of norida 

tar lira Indnocriaa, lac. 

Parlica toyyad Praducco 

Radco, Inc. 

3. Rtaal Roof Dock— (One laaoifiadl-Htin. 9/lS in. daay and 25-3/4 in. vida. 
gala., cocTttgaCad aCaal dock. Min. gaoga it 2R NSC continuooo oirar chraa or 
•ora ayana. Hkldad Co oach jeUt with 14 MSG voiding waahara 12 in. O.C. 
adjacaat akaaca aworlayyod ana cormgacian or, Claaaifiad Staal Floor and 
Fom Oaica^-Htoncawyoaita 9/16, 15/16, 1-5/16, or 1-1/2 in. daay, 30 in. 
wida, gala, onica. Mia. gaoga ia 28 MiG for corrogatad and 22 MSG for 
flotad onica. Syacing of oolda accaching laica to aoyporta ahall not oxcaad 
12 in. O.C. Corrogatad onica oaldod co aoyyorca Chrao^ voiding ooahara. 
Adjacaot corrogatad wica ovarlayyad ana corrogatien. Adjacant flotad unita 
butcott-yonchad or woldad togaCkar 36 in. O.C. along aida joiaCa. 

Onicad Staal Dock, 2nc.— Tyyaa 8, UPS, DFK. 

Hkaaling Corrogating Co.-^Tyyaa 8, 8R, 8V, 8HR, TF-50, TF-75, TF-125. 

4* Staal Joiata— Type 10J2 sin. aiaa, ayacad not 4 ft. O.C. and ooldad to 
and aoyyorta. 

5. Sridging**!/! in. dian. ataal bara wtldad to toy and botcan chorda of aach 
Jeiat. 

6. Forcing (Riannala— Re. 16 MSG cold-rollad ataal, 3/4 in. daay, ayacad 13-1/2 
in. O.C., virw-tiad to aack joiac with 16 SMC gala, tia wira. Bnda of 
ebannala to claar walla by 1/2 ia. 

7. Ratal Lath— Dianoad naah, 3.4 Iba. yar aq. yd. 

8. PI aa Car— Scratch and brown coata: 2 eo. ft. yarlita ylaatar aggragata* to 

100 lb. of fibarad gyyaia. Total chiekaaaat 7/8 in. to' fact of lath. 

Airlita Procaaaing Cory, of Florida 

LaHabra Frada., Inc. 

Matro Nioarala, Xne. 

Mica Pallaca, Xnc. 

Pannaylvania Pari it a Cory. 

PaonayWania Parlica Cory, of York 

Parlica of Rooacon, Xnc. 

Parlica Mfg. Co. 

Parlica Prodocta Co. 

Rodeo, Inc. 

toyrona Parlica Co. 

XoMlita Conac. Proda* Dio., If. R. Graca 6 Co. 

*Baaring Cht DL CUaaificatien Narking 


Figure 6.33 
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These roofing systea deteils ere taken froa the 1981 Underwriters 
Laboratories Fire Resistance Directory . Several aanufacturers get 
together and deviae a standard roof section detail. Figure 6.31 is 
a good example. A sketch of the roof detail is provided. In this 
case, a roof covering material is placed over one or aore layers of 
mineral and fiber boards, adhered together. This is adhered to a 
sheathing material which, in turn, is adhered to precast concrete 
units. Bach of these items: 

. Roof covering 
. Mineral or fiber board 
. Adhesive 
. Sheathing 
. Precast concrete 

is described in depth. Most of these entries list a number of 
manufacturers who produce an acceptable product. UL permits 
manufacturers of similar products to defray the expense of the ASTM 
£119 Fire Test of Building Construction and Materials necessary for 
the fire resistance ratings by testing their products together. For 
instance, a 1/2 inch ribbon of adhesive placed 6 inches on center 
beneath each layer of board insulation can be manufactured by: 

. The B. F. Goodrich Company 0.4 gallons/100 Sq.Ft. 

. Johns-Manville Corporation 0.4 gallons/100 Sq.Ft. 

. Reflecto Barrier Sales Co., Inc. 0.4 gallons/100 Sq.Ft. 

This is one form of flexibility that manufacturers have in 
establishing a national market for a product. Potentially, PV 
manufacturers may combine resources and put together typical roof 
sections with other building products manufacturers. For instance, 
a precast concrete manufacturer, a concrete topping manufacturer and 
insulation manufacturer may devise a roof section which features a 
PV array roof covering (see ROOF LOCATIONS: Roof Covering, Section 

6.3 for related requirements). Several PV manufacturers may wish to 
confine products under such a UL Fire Resistance Directory listing. 
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Figure 6.32 suggests such an option under Design No. P502 utilizing 
clsy tiles as e covering materiel. 

A closer look at Figure 6.32 suggests a possible approach for PV 
manufacturers interested in developing products to meet the require' 
ments for current listings of "roof covering" as in Figure 6.34. 

The requirements for roof covering are: 

Class A, B os C BUILT-UP ROOF C0VERIN6 NATERIAIS consistins only 

OF FELT AND ASPHALT (OR COAL TAR PITCH) NATEftlAU IN ALTERNATE 
LAYERS* SCL BuiLBiim Materials Directory* 

Figure 6.34 

The Building Materials Directory is also produced by Underwriters 
Laboratories, Incorporated. This document is described in detail 
under ROOF LOCATIONS: Roof Coverings (see Page 6-75). However, 

conceptually; if a PV array could qualify as a rated roof covering 
material, it could, potentially take the place of or be overlayed on 
top of roof covering materials already conmonly accepted by the 
building industry. 

In the introductory explanatory remarks for the UL Fire Resistance 
Directory , the Roof-Ceiling Assemblies notes in the General Design 
Information Section outline some of the underlying assumptions «diich 
can be made about the Roof-Ceiling Designs (see Figure 6.35). 


ROOFSXIUNG ASSBfUES 


The MTim for roofs are ieternined iv the same test nethoo msed 

FOR FUXM RATIMSS* All ROOFS ARE TESTED MI1M CuSS C« 5-FLV 
saturated TYFE 15 felt roof COVERINS AFFLIED NITH not N0FF1N6 
ASFHALT UNLESS SFECIFIID OlfNERNISE* NOMEVER^ THE RATINS IS 
AFFLICASU MITH CLASS A OR B SUILTniF ROOF OOVERINSS OONSISTIN8 OF 
ONLY FaT AMD ASFNALT IN ALTERNATE UYERS« ARE SUKTITUTEO* 
SFECIFIUTIONS for RUILT-UF ROOF OOVERINSS USIN6 FELT AND ASPHALT 
ARE CONTAINED IN TNE BuilDlNS HaTERIAU OlRECTORY* 

In contrast to the roof OOVERINS, roof INWUTION wist IE CAREFULLY 
CONTROLLED AS TO MANUFACTUREIO TYFE AMD TNICKNESS AS SPECIFIED* 

Less than the specified thickness could cause m early temperature 
END point on TNE top SURFACE NNILE A 6REATER THICKNESS COULD CAUSE 
EARLIER STRUCTURAL FAILURE* 


Figure 6.35 

Unless sfecificaut oescmied in a oesisn/ the addition of 

INSULATION IN TNE CONCFAI.FD SPACE KTMEEN THE CEILIN6 MEMBRANE AND 
THE ROOF STRUCTURE HAY REDUCE THE DISRUPTION OF THE CEILING MEMBRANE 
and/or HIRHER TEMPERATURES ON STRUCTURAL COMPONENTS UNDER FIRE 
EXPOSURE CONDITIONS* 

Resistance of the roof deck to uplift by nesative pressure on the 

ROOF SURFACE OR OTHER DAMAK NHICN NAY RESULT FRCM HIGH VELOCITY 
MIND HAS NOT BEEN INYCSTISATED* RoOF DKK CONSTRUCTIONS CLASSIFIED 
FOR MIND UPLIFT RESISTANCE ARE IllUSTRATED IN THE BuiLDINS flATERlAU 

Directory *1 


Figure 6.36 

The importance of Che specific roof covering is minimum so long as 

it is a Class A, B or C rated (see Roof Coverings) covering. 

However, Che importance of thermal insulation in altering the 

resistance of the roof section Co fire is clearly indicated. Should 

the photovoltaic array alter the heat transfer characteristics of 

Che roof markedly, compliance with fire resistance guidelines may be 

* 


^ Fire Resistance Directory January 1981 Edition; Underwriters Laboratories, 
Inc., Northbrook, Illinois, ^1981, p. 12. 
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required and laaway in attbstitutio<i of PV aodulaa for other coneon 
building aeteriult any not be permitted. 

aounting configuration: 

In any instance uhere building codes require the roof section to be 
fire resistance rated, code officials aay require the roof mounted 
PV array to be teated along with the roof section on idiich it is 
mounted. Reck roof swunted arrajm which do not provide poor 
structural distribution or significant numbers of openings in the 
assembly may escape this requirement. 


HORIZONTAL OPENING FIRB8T0PPING: 


definition: 

Building Codea require that ceiling openings, connections between 
vertical and horisontal spaces and «dtere attic space exceed iqg a 
horisontal area of 3,000 square feet (279 square netera) be fire or 
draft stopped to prevent the spread of flaise or products of 
combustion from one section of the building to another. 

code restrictions: 

Part of the requirement for a building permit application may be 
production of engineering details depicting methods and materials 
utilized for fire and draft stopping, particularly around openings 
such as ducts, pipes and conduits. The materials utilized as fire 
or draft stopping material must be noncombustible according to ASTM 
B136 - Test for Noncosd>ustibility of Elementary Materials test 
results. Specific materials permitted by the codes include: brick, 

concrete, gypsum, iron, steel, asbestos, metal lath, cement or 
gypsum plaster, mineral wool or rock wool. 

mounting configurations: 

Roof mounted PV arrays, ^en hidden air spaces are created either in 
manufacturing or installation, may be subject to firestopping 
requirements. The ioq>lications of firestopping on heat transfer for 
the array are discussed in detail under WALL LOCATIONS: VERTICAL 

PASSAGE FIRESTOPPING (see Page 6-53). 
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INSULATION: 


deflnlcioa: 

Insulation Is any material which has the primary function of 
restricting heat flux or absorbing sound* Insulation in a roof 
assembly may be utilized In several different trays. The Insulation 
may be exposed to the Interior of tl^ space, exposed to the exterior 
(as Is commonly found In "upside-down” roofing systems) or enclosed 
within the Inside and outside surfaces. 

code restrictions: 

The major concerns of a code official when assessing Insulation are 
outlined under WALL LOCATIONS: INSULATION (see Page 6-40). These 

concerns are primarily fire safety motivated but have potential for 
saving energy. Figure 6.26 (see Page 6-44) Identifies ten major 
types of Insulation. Some of their combustion characteristics and 
their suitability for use In building applications are discussed 
under WALL LOCATIONS (see Page 6-27). A detailed discussion of the 
differences between foamed plastics and other more "traditional” 
materials is included* ' 

The amount of insulation is an important consideration for fire 
resistance ratings. An increase in the quantity of insulation could 
mean early structural failure (due to poor heat transfer). A 
decrease in the quantity of insulation could mean an early tempera- 
ture end point, on the top surface of the roof (for more informa- 
tion, see ASTM E119, Methods of Test of Building Construction and 
Materials. 


Analysis of insulation material as an Interior surface material is 
found under WALL LOCATIONS: INTERIOR SURFACE FINISH (see Page 

6-43). Analysis of insulation material as an exterior surface 
material is found under ROOF COVERINGS (see Page 6-75). 
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mount ing conf igurat ion : 


Unlaas tha PV panel is a coaq[>lata roof saction in an Inaida surfaca 
to outsida surface prefabricated building component, there is little 
likelihood that PV manufacturers tiould include insulation auiteriele 
because of heat transfer restriction. 
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INISRIOR SURFACE FINISH: 


definition: 

An interior surfece finish is any surface naterial exposed to the 
occupants of a building. 

code restrictions: 

The building code restrictions outlined under WALL LOCATIONS: 
INTBRKMl SURFACE FINISH apply to roof locations as well (see Page 
6 - 43 ). 

counting configuration: 

Only a prefabricated building panel type PV panel which «K>uld be 
integrally mounted %iould expose its interior surface to Luilding 
occupants. 


tUilirrSIIARCE BQUIPMERT SOPPOKIt 


definition: 

Any fora of track, rail, clip or faateuing aquipaant aaaociatad with 
tha aupport or back up safety of aaintenanca paraonnal ia considered 
in this section. 

coda rastrictiona: 

Maintenance aquipnant support raquiraaents are discussed ia detail 
for MALL LOCATIONS (sea Page 6-27). The concern expressed for 
■aintenance staff is applicable in roof aounted locations. (HOTS: 
Additional consideration nust be given to the hasarda associated 
with laaiatcnance personnel or unauthorised personnel having access 
to the roof of a building. In locations where foot traffic by 
untrained or unsuspecting persons sMy be possible, code officials 
■sy require fencing, graphic labeling or other means to minimise 
access. Code officials nay be concerned with hasarda to maintenance 
staff people from breakage of PV arrays.) 

mounting configuration: 

Since maintenance, both periodic preventative maintenace and less 
frequent replacement maintenance, is necessary for most arrays, the 
requirements outlined under WALL LOCATIONS for safe access to each 
module nay apply. 
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HANSARD ROOF: 
definicioa: 

A OMiiMrd roof or any o(h«r aloplng overhang may be correlated to 
roof or wall materiala depending upon alope. both the 8BCC Standard 
Building Code and the BOCA Baaic Building Code make a clear 
diatinction between roof and wall conatruction beaed upon 60 degreea 
alope from horizontal. 

code reatrictiona: 

Thoae aanaard roofa exceeding 60 degreea alope from horizontal are 
required to be of noncombuatible aiateriala (according to ASTM E136 - 
Teat for Noncoml. .atibilitv of Eleamotarv Materiala) when located 


over 40 -* 50 fe«.c above ground. Theae roofa muat be fire reaiatance 
rated at I hour according to ASTM E119 “ Methoda of Fire Teat of 
Building Conatruction and Materiala . At 80 ** 85 feet above grade , 
Che fire reaiatance requiremente increaae to 1-1/2 houra. 

At a alope of leaa than 60 degreea from horizontal, the primar;; 
concern of the code ia to prevent fire hazarda. Thia can come from 
flame apread hazard or from the inability of reacue peraonnel to 
traverae the roof aurface. Flame apread requiremente are identified 
in the aection on ROOF COVERINGS (aee Page 6-75). Acceaa to roof 
and aafe paaaage for reacue peraonnel are diacuaaed within the same 
aection. 

mounting configuration: 


Any inclined aurface idiich extenda beyond the exterior wall 
perimeter of a building at roof level isay be conaidered to be a 
manaard roof according to the building code definilicn. Thia amy 
alao apply to rack or atandoff mounting configuraCiuna. 


ROOF COFERINCS: 


dcfioieioo: 

Th« roof covorioi iMCtrial of tho building it coommly th« 
woterproofing aMabrnno of tho otruecuro. Howtvor, firo rooiocaoco 
roquiroMnco Msociatod with roof covering aeteriele give the roof 
covering Che iaplicit definition of e fire reeietence aMsbrene, ea 
well. 

code reatrictiona: 

Roof coveringa and oateriala are claaaified according to A8TH E108 
Fire Teat for Roof Cover inga . Thia atandard teat dividea aanple 
roof coveringa into four claaaif icationa; Claaa A, B, C and 
Unclaaaified. Roof coveringa correapond to veneera (refer to WALL 
LOCATIONS, aee Page 6-27) in Chat both categoriee identify the 
requireiaenta for exterior aurfacea. Theae claaa if icationa are 
crucial Co a number of building induatry conventiona liated below. 

Aa a reault, a condenaed deacripcion of ASTM £84, Standard Teat 
Method for Surface Burning Characteriatica of Building Nateriala, 
procedurea and methoda for claaaification followa. 

The Standard Methoda of Fire TeaCa of Roof Coveringa (ASTM £108) 
meaaure the fire characteriatica of roof coveringa under aiaulated 
fire condiciona originating outaide the building. There are five 
aubcoaponenta to thia atandard teat: 1) Intermittent Flame Teat, 2) 

Spread of Flane Teat, 3) Burning Brand Teat, 4) Flying Brand Teat, 
and 3) Rain Teat. 

Intermittent Flame Teat 

Flamea of apeeific lengCha end temperature are applied in on/off 
cyclea at intervala deacribad in Table 6.1. Theae are applied to 
a teat aample whoae aise and mounting configuration are apeci- 
fied. After the completion of cycling, air admitted to promote 
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coabuacion during inttraitceot flMM cyclM is continued until 
nil evidnnen of flaat, snolcn or glow, dinnppnnrn; or n structurnl 
collnpnn occur*. 


INTERMITTENT 


TEST SPECIFICATIONS 


isthod of Ttt*t 


Cln** A 
Cl*** B 

CUs* C 



i irTr»:?NTT CT TT M t ■ : 


of Tost Cycles 


Tsbls 6.1 

Sprend of Flsne Test 

implying the test fleas described in the Interaittent Flsae Test 
to a test deck aounted in ths seas asnner for s fixed length of 
tiae. For s Clsss A or B rating, ths fleas «ist be applied for 
10 ainutes. For a Class C rsting, the fleas aust be spplied for 
4 ainutes. This test aust be repeated on at least one other test 
deck. 

. Burning Brand teat 

Clsss A rating tests aust be peforasd on 4 test decks. Class B 
and C rating tests aust be perfonsed on 2 test decks. Figure 
6.37 depicts Class A, B end C brands. They are aads of heat 
conditioned douglas fir as specified. The brands are ignited so 
as to burn freely in still sir. The Clsss A brand is attached to 
ths center of the deck. The Class B test requires two separate 
burning brands be placed within 30 ainutes of each other but not 
within 6 inches of ths sides or 12 inches of top or bottoa. The 
Clsss C brands are placed at one to two ainute intervals in 25 
locations on ths test deck. Brands aust be farther froa the 
sides than six inches, farther froa the top and bottoa than 12 
inches and farther froa one another than 4 inches. They will all 





be burned until fully consumed and each brand will be positioned 
near a joint in the underlying materials. 

. Flying Brand Test 

While applying the same duration of the same flame as in the 
Spread of Flame Test, maintain a 12 mph wind until all smoke, 
glowing or flame disappear to determine the likelihood of flying 
brands developing. 

. Rain Test 

Using the same mounting as specified, spray test decks with .7 
inches of water per hour for twelve one-week cycles consisting of 
96 hours of rain and 62 hours of drying. The final drying should 
produce moisture content in the deck lumber of 8 to 12Z. The 
intermittent flame, burning brand and flying brand test should 
each be conducted twice. 

The classification of the samples as A, B or C rated roof coverings 
is contingent up<m the flowing test results: 

. Intermittent Flame: 

At no time during or after the test is there permitted to be 
sustained flame on Che underside of the deck. The roof deck 
cannot be exposed and flaming or glowing brands cannot blow off 
and continue to glow after reaching the floor. 

. Spread of Flame Test: 

At no time during or after the test can any portion of the roof 
deck or flaming or glowing brands blow off and continue to glow 
upon reaching the floor. The roof deck cannot be exposed. The 
flame shall not have exceeded the distance spread as described in 
Table 6.2. 
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Class A 

Class B 

Class C 

Distance of 

6 feet (1.8s0 

8 feet (2.4si) 

13 feet (4m) 

Flame Spread 



(top of deck) 

Lateral Flame 

No Significant 

No Significant 

No Significant 

Spread from 
Test Flamepath 





Table 6.2 


. Burning Brand Test: 

At no time during or after the test can any portion of the roof 
deck or flaming or glowing brands blow off and continue to glow 
upon reaching the floor. The roof deck may not be exposed. 

Flames on the underside of Class A and B, as well as Class C 
decks with less than 6 or 25 brands in place, are not permitted. 

. Flying Brand Test: 

No flying flaming brands, nor debris which continues to glow upon 
reaching the floor may be produced. 

For the purposes of the building codes, roof coverings are separated 
into two general categories as identified in Figure 6.38 below: 


ICBO Unifow Buildins Cooe 1Si76 Edition 
Section 3.205 Roof Coverinos: Definitions 

Built-Up Roof Coverins: is two or none layers of roofins consisting of a base 
sheet, felts and cap sheet, hineral aggregate snooin coating, or similar 
SURFACING material. 

Prepared Roofing: is any manufactured or processed roofing material other than 

UNTREATED HOOD SHINGLES AND SHAKES AS DISTINGUISHED FROM BUILT-UP COVERINGS. 


Figure 6.38 
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As is explained under fire resistance rated asseablie8« recent 
trends in the design profession tend toward the selection of roof 
section details from the Underwriters Laboratories Fire Resistance 
Directory . The example from the Fire Resistance Directory listed in 
Figure 6.39 described roof covering as: 


Cuss A, B OR C BUILT-UP ROOF OMERING HA1ERIALS consisting only of felt am> 

ASFNM.T (or com. TAR PITCH) MATERIALS IN ALTERNATING UVERS* SEE BuILDING 

Batmiau PmECTQgy« 


Figure 6.39 

The Building Materials Directory referenced above is an Underwriters 
Laboratories resource book describing each of the many roofing 
isanufacturers who have subjected their roofing materials to the ASTM 
E108 Fire Test for Roofing Materials and successfully attained a 
Class A) B or C rating. 

mounting configuration: 

s 

Only integral or perhaps direct mounted arrays will be relied upon 
to be waterproofing membranes on buildings. However, standoff and 
perhaps even rack mounted arrays will be potential fire spread 
resistance membranes. Since the traditional materials utilized as 

roof coverings have been very flaanable, the propensity for code 
officials to be more concerned with their fire hazard 
characteristics than their waterproofing characteristics refects a 
concern for public safety and welfare over comfort. 
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ROOF SIGN: 


definition: 

The codes are primarily concerned with roof signs as a structural 
type, being relatively tall and broad in coihparison with thickness 
with a history of poor maintenance and shoddy construction. 

code restrictions: 

Code officials are concerned about fire hasard as well as the 
ability of rescue personnel to traverse the roof of a building 
quickly. So far as the potential array auterial and electrical fire 
safety restrictions are concerned, these can be identified from the 
following: 


BOCA BASIC BUIIBING CODE 19B1 EDITION: 

SeaioN 19094 Roof Sion fUtERiAu: 

All roof sions sHsa be constructed entirely of metal or otwr approved 

NONCOHBUSTIBLE MATERIALS* PROVISION SHALL K MADE FOR ELECTRIC OROUIO OF 
AU METALLIC PARTS* WHERE COMBUSTIBLE HATERIAU ARE PERMITTED (SEE SECTION 

1907*4*2 Sion Pacinos, belon) in letters or other ornmcntal features, au 

NIRINO AMD TVBINO SHALL BE KEPT FK£ AND INSULATED THEREFROM* 

Section 1907*4*2 Sion Pacinos: 

***SION FACINOS NAY BE MADE OF APPROVED COWISTIBU PLASTIC (SEE PlOURE 
6*19) PROVIDING THE AREA OF SUCH FACINS SECTION IS NOT MORE THAN 120 SQUARE 
FEET (11*16 N^) AND THE NIRINO FOR ELECTRIC LIGMTINO IS ENTIRELY BKLOSED 
IN THE SIGN CABINET WITH A CLEARANCE OF NOT LESS THAN 2 INCHES (51 MN) FROM 
TW FACING MATERIAL* 


Figure 6.40 


Although the correlation is not really analogous, the implication of 
such restrictions for PV arrays is understandable. If the PV module 
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cannot qualify according to ASTM E136 Test for Noncombustibility of 
Elementary Materials as a noncombustible material as in section 
1909.1 for Roof Sign Material, the module must satisfy the require* 
ments for section 1907 «4«2* Otherwise, such a PV array will not be 
permitted when a code official interprets the array as a roof sign 4 

Compliance for a PV array with electrical requirements outlined in 
section 1907 »4*2 for roof signs may be difficult to achieve. 

Although an area limitation of 120 square feet is not overly 
restrictive for a PV module, other building codes restrict the total 
permitted area of plastic covering. The area may be limited to 1100 
total square feet. The most difficult restriction may be the two 
inch clearance between electrical wiring and covering. Although the 
code specifically references electrical lighting wiring, the code 
official may be prone to question the proximity of a current- 
carrying conductor to a combustible cover material. 

Building codes restrict the placement of roof signs which may 
obstruct access for rescue personnel. Six feet may be required 
between the roof and the base of the roof sign. Five feet may be 
required between vertical supports. In no case may the path from 
one side of the roof to any other be completely obstructed by the 
roof sign. The support structure must be noncombustible according 
to ASTM E136 - Test for Noncombustibility of Elementary Materials . 
All metallic parts must be grounded properly as well. 

Finally, due to the historic precedence of sign structures to 
collapse under high wind loading, special structural restrictions 
are placed on roof signs. Absentee sign owners, who have neglected 
sign structural upkeep and maintenance, have caused codes to 
require: 


. Sign permits 
• Annual inspections 
. Conspicuous label of sign's owner 


6-82 


. Submission of engineering drawings as proof of structural 
safety 

. Bond to be filed with the building official 

The codes are obviously concerned about accountability for any 
damages incurred in the collapse of a sign structure. PV arrays can 
avoid these administrative requirements due to the inherent nature 
of maintenance responsibility not being in the hands of absentee 
owners. So long as a proper design transfers loads in an acceptable 
manner, PV arrays should avoid the code related permit and 
inspection requirements outlined above. 

mounting configuration: 

Although there are many reasons for disassociating a PV array and a 
roof sign assembly, there are two striking similarities between the 
two. The support structure for a rack mounted PV roof array and a 
roof sign maybe similar. Also, the inherent hazards of electrical 
service to the sign as well as from the PV array may be perceived as 
being similar. 
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HOOP STRUCTUSB: 
definition: 

BOCA BASIC BUUDIN6 CUE 19B1 EDITId 
SeCTlON 201*2 HeFINITlCNSi 

Boor smicTUKi m e w ci dio tTNucnnc on ine «oof roe meather ic$istmice« 

riOE KSISTANCE OR RTKARRHCE* 


code restrictions: 

There are a wide assortsttnt of coomon eleaents found on roofs which 
fall under the requirements associated with the generic term Roof 
Structures. Among items mentioned include water tomrs, cooling 
towers, cupolas. Codes may require the materials utilized above 12 
- 40 feet in height above the roof to be noncombustible according to 
ASTM E136 Test for MOncombustibility of Elementary Materials . 

On buildings where combustible construction types are permitted, 
roof structures are also permitted to be of combustible materials. 
However, they must have a one hour fire resistance rating for exte> 
rior wall enclosures as well as an approved fire covering material. 

Any tinm a structure exceeds 85 feet above grade, and exceeds a 
horizontal area of 200 square feet, it must be supported on fire 
resistive, noncombustible supports. Fire retardant wood may be 
utilized for supports when achieving a flame spread rating of 25 or 
less when tested tor at least 30 minutes according to ASTM E84 Test 
for Surface Burning Characterist ics of Building Materials , 
mounting configuration: 

Due to the enclosed nature of the roof structure, there is no exact 
correlation with PV roof mounted configurations. The closest fit 
may be with rack roof mounted PV arrays such as may be found in a 
sawtooth configuration. Under such circumstances, the assembly 
would tend to hcve an enclosure wall of sorts and, as such, appear 
to correlate with the **roof structure" definition above. 
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SLOPED GLAZING: 
definition: 

Sloped glazing functions as a light transmitting medium which is 
generally constructed of transluscent or transparent material 
mounted in a structural framing system. 

code restrictions: 

Since the mid-1970's, designers have been working in concert with 
code officials for regulatory reform in the utilization of broad 
architectural expanses of sloped glazing. Over the years, the 
constraints developed for sloped glazing have been many and fairly 
severe. The framing materials were required to be noncosd>ustible as 
determined by ASTM E136-73 Test for Noncombustibility of Elementary 
Materials . One-fourth inch glass was required to be either wired 
glass or protected above and below by wire mesh to protect the glass 
from iiq>act and to protect the occupants below from falling glass. 
The area of a skylight unit was restricted to 720 square inches and 
the width restricted to 24 - 48 inches. The area of roof coverage 
may have been restricted to 40%. 

It is difficult to adapt a new technology item such as a photovol- 
taic array to this set of regulatory constraints. However, it 
should be noted that the SBCC Standard Building . Code , 1979 Edition, 
features some attitude changes toward sloped glazing utilized over 
low fire hazard areas such as walkways, office areas, recreation 
areas, lobbies and other public areas. Besides wire glass; lami- 
nated glass, fully tempered glass and glass with protective wire 
screens beneath are permitted. The ICBO and BOCA codes are expected 
to consider such revisions in the near future. The current attitude 
expressed in BOCA is: 
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BOCA BASIC lUllBING CODE 19B1 EDITIM 
SiCTlON 1<I26*3*4 fiUZlM fUTERIAUi 

SnYLiaKTS MAY K «UZCS WITH ANV OF IMt FOUjOMIM NATEMAU# SUBJECT TO NOTEO 
limitations: IAMNATEO 0US0« NIBED OLASS« ANNEALED OUSS« NEAT STSENOTMCMED 
OLASS« TCMPERED OLASS« AND LIOMT TIMNSHITTINO FLASTIC* AnNEAUD^ HEAT STRENOnr 
CNED AND TEKFEAED OLASS SNAU. IE FNOTECTED BY SCAEENS* LtONT TRANSNITTINO 
FLASTICS SHALL MEET THE HEOUIKEHENTS lOUTLlNED IELOnI* 


Section 1426*3*5 Screens: 

Annealed smss sxyliohts snau be fnotecteo from fauino objkts by screens 

ABOVE THE SKYLISNT* AnNEALED« HEAT STRENOTNCNED AM) TEMPERED OLASS SXYLIOHTS 
SHAU IE EOUIFFED NITH SCREENS lELON THE SXn.lOKT TO PROTECT BUUDINS OCCUPANTS 
FROM FALLINB OLAZINO SHOULD BREAKAOE OCCUR* SCREENS SHAa IE OF NONCOMWSTIIU 
NATERIAU AND SHAU NAVE A MESH NOT LAROER THAN 1 INCH RY 1 INCH (25 MM BY 25 

mm)* The screen shall be constructed of not liohter than Ito* 12 B t S 6aoe 
(0*0806 inches) material* MUen utilized in a corrosive atmosphere^ structurauy 

EQUIVALENT NONCORROSIVE MATERIAU SHAa IE USED* SCREENS ABOVE THE SKYLIOHT 
SHAU IE AT LEAST 4 INCHES (102 NN) ABOVE THE SKYLIOHT AND SHAU PROJECT ON AU 
SIDES FOR A DISTANCE OF NOT LESS THAN THE NEIOHT OF THE SCREEN ABOVE THE OLASS* 
thCN MULTIPLE UYER OLAZINO SYSTEMS ARE USED AND THE LAYER FACING THE INTERIOR 
IS LAMINATED OLASS^ THE PROTECTIVE SCREEN BELOH THE SKYLIGHT IS NOT REOUIREO* 


Figure 6.41 

As was seen with vertically mounted glazing, attitudes toward sky- 
lighting were formed based on the traditional performance and prob- 
lems associated with glass. Codes that were written dealt specifi- 
cally with glass. The coming of age of "plastics'* (for a historical 
accounting and detailed analysis see WAUL LOCATIONS: GLAZING 

MATERIALS CONSIDERATIONS, Page 6-35) meant that sloped glazing was 
no longer singly light transmitting media. All skylighting regula- 
tions applied only to the way glass reacted to fire and impact 
loading. 

Pending further revisions in the building codes, area and dimension- 
al restrictions outlined in the introductory paragra|di apply to 


"Page missing from available version" 


tioot. By avoiding oithor through tho roof (outaido aurfaco to 
inaida aurfaea) aiodulaa or tha uaa of plaatica aa a aurfaca covaring 
■atarial, auch an intarpratation could ba aafaly avoidad. 


Plaatlc Roofing Panala: 


BOCA BASIC BU1UUN6 CODE 19B1 EDITld 
SccTiON 201*0 GerntM. OPiMTiom: 

Plmtic Roar Pima: ruaric imteriau mhicm am fastdo to arwcTUAAL 
mmoMt oa to stmictuiml famu or ohcatmim^ am mhich am yto as li«ht 

TRAMNiniM ICDM IN MOFt* 


Figura 6.42 


Thaaa panala nay ba uaad whan any of tha following occura: 

« Fira auppraaaion aquipnant ia utlliaad 

. Tha fira raaiatanca rating for tha roof ia aero (aaa Figura 
6.9) 

. Tha raquiramanta for a roof covaring notarial are teat 

In any caaa, plaatic roof panala nay not ba utlliaad in Aaaanbly, 
Inatitutional or Haaardoua Diviaion Occupant iaa. One atory 
buildinga under 1,200 ft.^ are exanpt fron any reatrictiona. 

Plaatic utlliaad for roof panela nuat ba "approved" (for definition, 
aaa Figura 6.19, Page 6->33). Plaatic roof panela are raatrictad to 
araaa of 100 aquara feat for type C2 plaatica and 300 aquara feat 
for type Cl plaatica. Tha total area of covarga for an ancloaad 
room ia 252 for type Cl plaatica and 302 for type C2 plaatica. 

Tha definition of plaatic roof panela (being light trananitting) nay 
reduce the propane ity of auch an interpretation for PV arraya. 
However, in an integral mounted application where tha module may 
aerve aa both exterior roof aurfaca and interior ceiling finiah. 
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this Uit«rpr«C4Cion Mjr ntult. Th« obvious sros rostrictions 
iaposod upon pUstic roof psnolo slons iiould bt ssvsroljr 
rostriccivu. Thors oro o sitnificoot ouabor of opplicatioos uhsro 
plastic roof panals may bo uCilisod, as aotod abovo. Rouovor, tho 
cost of a firs supprossion systoa my oxeludo that particular itoa 
unlass socondary safotj and ocononic (roducod inauraoco proaium, 
for instanco) bonofits can bo capitalisod upon. 

Althoui^ a PV aodulo My bo glass covorod, or havo both u glass 
suporatrato and aubstrato with a "plastic" pottant and colls 
botwoon, thoroby rosoabling laainatod glass, tho pottant aay bo 
significantly groator in thicknoss than laainatod glass. If such a 
plastic pottant Mtorial wars to ignito in tho prosonco of Under** 
writors* Laboratorios ASTM BIOS Tost of Roof Covorings flaaes as My 
bo oxpoctod of plastic glaring rathor than laainatod glass, tho 
iapact on the PV industry My bo severs. 

The difforoncos betvson plastic skylights and roof panels and glass 
skylights are significant in torM of rostrictiona for both tho 
present tiM and in the near forsooablo future. Therefore, it is in 
the PV Mnufacturor's best interest to avoid tho correlation with 
"plastic" Mterials whorovor possible. The rostrictions placed on 
sloped glasing, even for glass glasing Mtorial are aore oxtroM 
than the PV Mnufacturor nay wish to deal with. 

aounting configuration: 

An interpretation of photovoltaic nodules as skylights My only be 
Mde when the module serves as both roofing Mtorial (see ROOF 
COVERING) end ceiling finish (see INTERIOR SURFACF. FINISH). This 
could only occur in sn integral roof mount configuration, a sandwich 
module featuring a superstrata sheet, a substrate sheet with a 
pottant and colls between (with no intervening therMl insulation 
layers or continuous air spaces) My be necessary before a sloped 
glazing correlation ifould be logical. The inclusion of open air 
spaces snd/or therMl insulation Mtorial are more typical of fire 
resistance rated assemblies (see Page 6 - 60 ). 
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lOOF LOCATIONS CONCLUSIONS: 


• Fire r«»lstaoc« raced aaaaabllaa ara aalactad, When naceaaary 
according to Building codea, from cha Undarvrltara * Laboratories 
Fire Realatance Directory 

PV aanufacturera nay utlLlae the alallar approach outlined under 
HALL LOCATIONS CONCLUSIONS (aee Page 6-34) In Hating typical 
roof aectlona which Include PV arrays aa exterior aurface 
aaterlala. 

• PV arrays <d:lch classify as A B or C (preferably A or B) rated 
roof coverings aay be peraltCed to be utilised In all of the roof 
sections listed In the UL ri m y. BESISTANCE DIRECTORY In which 
aurface coverings are Itealsed as A B or C built up coverings* 

The qualification which aay keep PV panels froa freely asking 
this exchange Is Identified In Figure 6*33 (Page 6-67), a part of 
which Is repeated below: 

"In contrast to the roof covering, roof Insulation nist be 
carefully controlled as to aanufacturer, type and thickness 
as specified* Less than the specified thickness could cause 
early teaperature end point on the top surface while a 
greater thickness could cause earlier structural failure*" 

Even If the PV aodule Is not Intended to alter the theraal char- 
acteristics of the roof section. It aay be perceived to soaehow 
adversely affect the fire resistance perforuance of a typical 
roof section* Early UL testing of PV panels could be utilized to 
aake a case for the correlation of PV panels with the roof cover- 
ing aaterlals rather than the roof Insulation aaterlals. This 
would help to convince code officials that PV panels aay soaeday 
be freely substituted for built up roof coverings when Che PV 
panels theaaelves sre A B or C rated according to ASTM il(^ 
Methods of Fire Tests for Roof Coverings * 
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. Rack aouQtad PV arrajra have a wlda raaga of caCagoriaa llatad 
wichio building codaa idiich hav« aiailar accribucaa (aichar in 
appaaranca or function) with idiich thay aay ba coaparad. 

Many of eba rafaraneaa liatad undar SOOF LOCATKMS ouch aa 
iUfflZiiCS, MUI8ARD ROOF, ROOF SIGN and ROOF STROCTURB aay only ba 
corralatad with rack roof aountad PV arraya. Hoiravar, dua to tha 
aacondary natura of chaaa atructuraa and tha aacondary natura of 
rack aountad PV arraya, the ralativaly laniaot raquiraaants 
placad up<M) auch rafaraneaa aaaa wall auitad to rack aountad 
amya. It ia only whan tha aora aavara raatrictiona aaaociatad 
with fira raaiatanca ratad aaaaabliaa, roof covaringa, and alopad 
glazing ara baapad upon rack awuotad arraya that any incant iva to 
apand axtra aonay to put PV arraya on rack atructuraa will ba 
loot. 

. Slopad glacing raatrictiona ara axtraaely raatrictiva and ahould 
be avoided. 

Although tha exterior aurface aMtariala are aiailar and fraaing 
ayataaa aay ba aiailar for both alopad glazing and PV roof 
aountad arraya, tha function of one ia a light tranaaittar and 
tha other ia a power generator. However, any tiaa that glaaa ia 
uaed aa a aurfaca covering on a roof, there auat ba aoaa real 
queationa aakad about the ability of fire and raacua paraonnel to 
traveraa tha roof undar aaargancy conditiona. IRiia problea nuy 
ba tackled at the building deaigned level, h;ju«var. 
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• 3 GBOUIID LOCATION: 


The following list of hulldlng coaponent aeeeabllee way be 
Interpreted as having vlaoal or functional aiuilaritiea with Ground 
Rad: Mounted PV arrays: 

• Canopy 

. Ground sign 

• Miscellaneous use 

0 ;ng with sections of the building codes which regulate the use of 
each a&^:eably, cOTwentaiy on the iopact to the development of PV 
markets resulting from restrictions imposed by any such correlation 
is presented* Conclusions are stated addressing how such 
interpretations should be encouraged or discouraged* 
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CANOPY: 

definitioo: 

For Che purpose of this report, a canopy shall be any roof like 
structure which is wholly or partially supported on stanchions 
directly on the ground. It generally overhangs public property. 

code requirements: 

The canopy is required to be 7 - 9 feet above all sidewalks, at a 
minimum. The horizontal extension must not extend closer to the 
curb chan 1 Co 2 feet, and may not be permitted to extend isore than 
5 to 7 feet from the building line. 

Covering materials may be similar to sloped glazing over walkways as 
referred to under ROOF LOCATIONS: SLOPED GLAZING (see Page 6~85). 

Recent treads of lenience toward skylights over such low hazard 
areas as walkways, office areas, lobbies, recreation and other 
public spaces provide reasonable guidelines for PV sxMlules having 
similar structural characteristics. 

Fire hazard must be considered along with structural perfonsance. 

Due to the inherent potential for public hazard from structural 
collapse or fire, code officials reserve inspection of canopy design 
and issuance of building permit as a safety check device. 

The combustibility of materials are a primary concern, in such an 
instance. Framing members are required to be noncoad>ustible 
according to ASTM E136 Test for Noncombustibility of Elementary 
Materials . Covering materials may be combustible. However, they 
may be required to be protected with a one hour fire resistance 
rating according to ASTM E119 Methods of Fire Test of Building 
Construction and Materials . Plastic canopy covering materials may 
be required to be restricted in area. Codes cite the example of 
service station pump canopies for plastic materials. They are 
restricted to 200 square feet of total area inside fire limits and 
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1«000 square feet outside fire limits. The plastic material 
utilized must be approved plastic (see Figure 6.19, Page 6 - 33 ). 

mounting configuration: 

A rack ground mounted array will probably have to overhang a walkway 
or circulatim area where people pass beneath or occupy space 
beneath the array before the requirements for canopies (for related 
requirements see WALL LOCATIONS: AWNINGS, Page 6-28) are logically 

applied. 
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GROUND SIGN: 


definitioo: 

These are relatively tall and broad (compared to their thickness) 
structures which have been historically constructed of inexpensive 
materials and poorly maintained. 

code requirements: 

Although a ground mounted array does not serve the advertising 
function associated with ground signs, the safety issues pertinent 
for ground signs, particularly those with electrical service, 
correlate fairly closely with safety concerns for PV arrays. These 
issues are structural, fire and eLectrical hazard related. 

Code officials restrict the use of signs without: 


Sign permit 

Bond filed with code agency 
Annual inspections 

Conspicuous label of advertising agency 

Submission of engineering drawings as proof of structural 

integrity 


Historically, absentee advertisers have sacrificed maintenance of 
signs or abandoned them rather than outlay funds for upkeep. These 
requirements are intended to force responsibility upon the 
advertiser to assure structural integrity and upkeep for the sake of 
public welfare. 


The gross area of outdoor signs limits the peril from fire. How- 
ever, combustibility of materials is of primary concern when in 
proximity to other occupancies. Therefore, within fire limits, 
ground sign materials must be noncombustible acording to ASTM E136 
Test for Noncombustibility of Elementary Materials. Outside fire 
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liaits, coobustible materials may be used so long as they are not 
over 35 feet in height. 

When the ground sign has electrical service, care must be taken to 
protect the public from accidental contact with live parts. 

Grounding may be necessary, particularly for metal framework. 

The interpretation of FV ground mounted arays as ground signs seems 
to pose few serious probems. The administrative requirements for 
drawing submissions, permits, bonds, inspections and graphic identi- 
fication of owner and maintenance responsibility are not applicable, 
though. PV arrays would be owned and maintained by responsible 
individuals trtio would have financial incentive to upkeep the expen- 
sive array equipment. Ground mounted arrays located within fire 
districts may, as ground signs are, be required to be constructed of 
noocombustible materials. However, due to necessary spacing 
requirements to avoid shading as well as a desire to utilize inex- 
pensive land for the ~rray, it may not be prone to be located within 
fire districts. Fire districts are generally densely populated 
(expensive land) areas where the danger of conflagration may be 
high. 




MISCELLANEOUS USE: 


definition: 

As is described in the introduction to building codeSf one of the 
very basic variables when assessing regulatory constraint is occu- 
pancy type. Figure 6.7 (Page 6-12) outlines maxiaum floor area as a 
function of combustibility of construction materials and occupancy. 
Figure 6.27 (Page 6-44) outlines interior surface finish rating 
classifications as a function of occupancy. However, a ground 
mounted array is not easily classified into those occupancy types 
found commonly in the Commercial/Industrial sectors. Therefore, 
ground mounted arrays may be classified as temporary or 
miscellaneous uses. 

code restrictions: 

Due to the nebulous nature of a Miscellaneous Use Group, the code 
official is given a tremendous amount of leewiqr in dealing with the 
various items classified as such (see Figure 6.43). Code officials 
may require building owners to file a permit with the building 
department annually. 

BOCA BASIC BUILDING CODE 19B1 EDITION 

SeaioN 514*2 Temporart Structures - Special Approval: 

All temporary construction shall conform to structural strength, fire 

SAFETY, MEANS OF EGRESS, LIGHT, VENTILATION AND SANITARY REQUIREMENTS OF 
THIS CODE NECESSARY TO INSURE THE PUBLIC HEALTH, SAFETY AND GENERAL 
WELFARE* 

Section 514*3 Termination of Approval: 

The building official is hereby authorized to terminate such special 

APPROVAL AND TO ORDER THE DEMOLITION OF ANY SUCH CONSTRUCTION AT HIS 
DISCRETION, OR AS DIRECTED BY THE DECISION OF THE BoARD OF APPEALS* 


Figure 6.43 
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As is true of building codes in general (see Figure 6.5) the code 
official has responsibility to enforce the spirit of the code, 
however that "spirit" may be interpreted. Figure 6.43 serves as 
carte blanche authorization to approve or deny ground mounted PV 
arrays based upon the experience and opinion of the code official, 
if considered as temporary in nature. Various techniques for 
isolating the PV array from the public may be utilized to satisfy 
the health and safety requirements of codes. When miscellaneous 
uses are located within fire districts (typically, in close prox- 
imity to other people) they must be constructed of noncombustible 
materials to minimize the hazard. Swimming pools may be comparable. 
Just as a swimming pool may attract curious, although uninvited 
visitors; a PV array may attract curious, although uninvited 
visitors. There are hazards associated with each; potential 
drowning or electrocution, and as a fence may be required around the 
pool, so may it be required around a PV array. Code officials are 
left with a great deal of leeway in this regard. 
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GROUND LOCATION CONCLUSIONS: 


! 

Separation from people, buildings and objects «4hich they could 
endanger is Che key variable in aaaeaaing the requirements for PV 
arrays 

As was seen under GROUND SIGNS, the materials utilized inside fire 
limits are to be noncombusCible. The logic is Co reduce Che 
increased potential for such a sign to be Che source of a fire or to 
propagate flames inside a congested area. As is found with swimming 
pools, fences are utilized to keep people away from an inherently 
dangerous item. The electrical hazard associated with accidental 
contact may necessitate special electrical isolation materials, 
elevating arrays above harms reach or fencing off arrays. 

Code officials will have much more leeway in imposing restrictions 
upon PV ground mounted arrays which could be interpreted as being 
Miscellaneous Use Occupancies. Under such an interpretation, code 
officials will be burdened with providing the public with the same 
level of protection i^ich the code defines in extreme detail for all 
other occupancies. In all likelihood, the code officials will fall 
back on evidence from UL, National Model Code Administrators and the 
National Electric Code for evidence satisfying electrical and fire 
safety requirements. 
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6«A THE MECHANISMS FOR BUILDING CODE CHANGE: 


. BUILDING CODE UPDATING: 

Photovoltaic electrical generation la not apeclflcally addressed In the 
current building codes studied for this report. Exclusion from building 
codes forces design professionals and code officials to take legal 
responsibility for PV isodules and arrays. As Is pointed out In Section 4, 
assuming the legal responsibility for Innovative isaterlals and systems Is 
risky business. 

Incorporation Into the building codes signifies acceptance as a norm rather 
than an anomaly In the building Industry. The magnitude of the market , 
which photovoltaic manufacturers have established as being necessary for 
economies of scale savings required to reach 1986 target costs of $.70 per 
peak watt, dictates acceptance in the building Industry on a widespread 
basis. This can be most easily accon^llshed when bulldli:g codes accept 
photovoltaic modules as being the norm, rather than an anomaly. The 
following describes the mechanisms for building code change. Swift 
Incorporation Into the codes will signal design professionals and code 
officials alike that photovoltaic modules and arrays are safe for 
widespread use, as permitted, In connerclal/lndustrlal applications. 

Codes evolve as a result of two different stimuli; real or perceived hazard 
and technological advancement. When codes change as a reaction to real, 
perceived, natural or nan made danger to human life, health or property. It 
Is generally the result of a catastrophic event. Night club fires and 
ensuing regulatory constraint are an example of this. Urban fires resulted 
in the establishment of fire districts to reduce the threat of confla** 
gratlon. These changes In the code tend to be more restrictive In nature. 
Existing regulations cited in the codes are altered to attenuate the 
hazard* 

Technological advancements, such as photovoltaic power generation 
equipment, must be soundly scrutinized and tested before even limited 
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experiMntal use can be expected. The initiel etep ie to obteln veriencee 
froB code docuaent guidellnee. Theee veriencee ere eubjeccively granted or 
denied by the code official. There ie an appeal procedure coaaonly 
utilized when reetrictione ere pieced on new technology aeteriele end 
equipnent (eee Figure 6.44). 


BOCA BASIC BUILDING COOE 1961 EDITION 
SeCTlON 12A4 AmLlCATlOn for AftCALt 


1NE oent OF A lUILPlNe OR RTRUCniRi OR mt OnCR FIRSON NAY AFFCAL TO 
TIC lOARD OF AFFCAU FRON A ICCltlON OF THE RUIUOINR OFFICIAL RRFMIM 
TO eWWT A NOOIFICATION TO TME FROVItlONS OF INtt CODE COVBUIM 1NE 
NAMNER OF COWTRUCTION OR IWTERIAU TO IE WED IN TME ERKTIOM« 
ALTERATION OR REPAIR OF A WILSINI OR ETRUCTURE* AFFLICATION FOR 
APPEAL NAY K NAK NHEN IT It CUINED THAT TME TRW INTENT OP TNIt 
CODE OR THE RULES LERAUY ADOPTED TNEREUNDER NAVE KEN INCO R R ECTL Y 
INT ER PR ETED , THE FROVItlONS OF THIS CODE DO NOT FUaV AFFU, OR AN 
EOUALUr ROOD OR lETTCR FORM OF CONSTRWTION CAN K WED* 


Figure 6.44 

Given the dictatorial nature of a code official's interpretational powera, 
it is reasonable to assuise that the Board of Appeals, the appeal option for 
unfair code official rulings, would serve as a harbinger of new technology. 
Beyond this uptioa the path for appeal of code rulings leads only to the 
judicial court system. 'However, frequently the Board of Appeals ie 
controlled by the same interest groups applying indirect pressure on the 
code official to resist new technologies (see Section 4, Page 4->l). 

Analysis of the procedures and politics for building code approval 
regarding new technologies may be critical for the FV industry defending 
itself against the judgment of the building industry. After all, thsre are 
very few of us who %R>uld defend ourselves against personal liability in a 
jury trial, not knowing the procedures and politics of an arbitrary 
judicial system. 

It is often observed that for various reasons, code documents shield local 
interests from the unwanted competitive intrusion of innovative technolo- 
gies. If the code is utilised as an exclusionary tool, the interest of the 
public is certainly not served. By analyzing the mechanics of coda change 
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eo accept new technologies, this report seeks to forewarn the photovoltaic 
manufacturer. With accurate information, the PV industry can begin to plan 
strategies %rtiich will bypass unnecessary barriers which frequently halt the 
progress of promising new products. Tlie following analysis will identify 
apparent barriers to new technologies inherent in the code approval 
process. 

The description of the code official, the enforcer of the code document, as 
an actor in the construction process (see Section 3) revealed several 
influences and disincentives to an unbiased ruling relative to the 
application of new products. At the level of the Board of Appeals, the 
Douglas Commission^ has this to say: 

’'Representatives of the building industry frequently are requested to 
recommend individuals for appointsmnt to appeal boards, and codes and 
ordinances frequently require that members of appeal boards be 
architects, engineers, and contractors. Such practices would not 
appear to provide adequate protection to the public." 

In many cases the propensity of a local code authority to accept a new 
product is rather closely bound to the vigor of the local construction 
industry. Abundant employment opportunities and material demand exceeding 
supply often lead to a relaxation of political pressure on code officials 
in state and "local" districts. The perception of lost employment oppor- 
tunity on the part of the actors, no matter what analytic economic evidence 
may indicate, could mean that short range interests of those temporarily in 
power supersede the long range good of the public. Plumbers and cast iron 
pipe manufacturers perceived a redivision of trade when PVC and ABS pipe 
was introduced, for example. Tremendous sums of money were spent to con- 
vince those empowered to deny approval of the product as a danger to public 
health. Despite a lack of evidence, these anti-plastic pipe interest 
groups were remarkably able to delay the utilization of plaatic pipe. 

Definitions and licensing requirements are often the mechanism by which 
codes preserve employment for interest groups. Many state trade unions 
have %K>n de facto exclusion of out-of-state pre fabrication with require- 
ments for inspection and asseoiblage of awchanical systems by in-scate 
licenaed tradespeople. This is a priioary barrier in the ability of a 
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prefabricated builder Co flourish. By limiting the ability to asrket a 
prefabricated product over a large interstate network, most of the 
economies of scale are lost. Huge capital outlays cannot be justified for 
limited in-state markets. 

The fonml procedure for amending building codes is not as complicated as 
Figure 6.44 indicates: 


BOCA BASIC BUimilK COOE 19B1 EDITION 

iNTmouaomr comcnts: 

* 

TMC lOCA IMIC OOOCt ARC miNTAINED IN TMEIR CURRENT, RCSRONtIVC ETATC 
1NR0INN A OENOCRATIC RURLtC NCARINS AIS REVISION MOCEBURC MNICN 
AUOHS Aa INTERESTEO MRTIES THE OffQRTUNITY TO lOTN NNOROIE CNRNSES 
TO COOE niOVISIONB AMI TUTIPY NESARDINS SUCH OMNOC rMROSAU* 

OMNSE RNOPOSALS TO THE MCA lASIC 00» ARE EITNER ACCCfTCS OR 
\ NCUECTCD IT VOTE Of TNE ORSANIZATION's ACTIMI NBMCRS, NNO ARC 

fRACTICINS RCRULATORV CODE OPPICIALS* VOTINS ON CNANOC RROfOSAU It 
! CONDUCTED AT THE ORSANIZATION'S ANNUAL CONFERENCE, AT HNICN TIfC FINAL 

TUTIMNY It HEARD* FURLIC NCARINSt ON FROFOtCD COOE CHANSES ARE HELD 
PRIOR TO THE CONFERENCE AT THE ANNUAL DOCA HlirNINTER HCCTINt* 

EACH OF THE RAtIC CODU It COHFLCTELV MVItCD AND FURLttHED IN A NEM 
EDITION EVERY THREE YEARS* CODE CHANOE AaiVITY It CONDUCTED ANNUAaY 
WITHIN EACH THREE YEAR EDITION CYCLE* THE FIRST AND SECOND YCARt' 
AFFROVED CHANSES ARC FURLISHED IN tUFFLBCNT FORH, AW THE THIRD 
year's REVISIONS ARE INCORFORATED DIRECTLY INTO THE NEXT OOQC EDITION* 
EACH NEM CODE EDITION REFLECTS Aa CHANSES AFFROVED RV ROCA^S AaiVE 
MENRERt SINCE ISSUANCE OF THE FRCVOUt EDITION* 

I THIS FROCEOUNC It HAINTAINED FOR RESFONSIVENCtt TO OUR RAFIOLV- 

ADVANCINS lUILOINS TECHNOLOSY, AND FOR ITS ANILITY TO RETAIN CODE 
CONTENT IN THE HANDS OF FNOFESSIONAL RESUUTORY COOE OFFICIAU AND 
AROVE THE REACH OF VARIOUS SFCCIAL INTERESTS* THE ROCA RASIC COOES 
ARE DUISNCD TO FROTCa FURLIC HEALTH, SAFETY AN) WELFARE THROUON 
EFFICIENT AND EFFCaiVE USE OF AVAILARLE MATERIALS AND CURRENT 
RUILDINS TECHNOLOSY* 


Figure 6.45 

The codes themselves are raended annually with the exception of the third 
year of each thrae year cycle when the entire code is reissued to include 
all amendments from the current period. 


6-103 


Acc«pcaoe« into ch« building codns trill only com, botruvnr, nftnr aduquatu 
Caacing and aaauraneaa guaraataa Cba produce ia raaaoaably uafa for public 
ucilianeon. Thia trill taka a tranondoua auount of analytic raaaarch aa 
trail aa public ralationa trork. Bock aapacta nuat ba aarioualy conaidarad. 
Hiatory haa ahotm that avan tha boat idaaa may ait on the ahelf for yaara 
due to incorrect narketing atrategiea. Tha PV induatry aay have a good 
idea, Hoirever, in attenpting to deal with tha building induatry, precedence 
ia an inportant conaideration. A brief look at the utiliaation of plaatica 
in the building induatry ahoira thia to ba true. 

Aa ravietrad under VALL LOCATIONS: <RUIZIHC, Hater iala Conaiderationa (aea 

Page 6'~3S), the regulation *^laatica** ahotrad aone inaighta into potential 
probleM. hue to tha code agenciaa' need for ainplification, tha trorat 
propertiaa (aa perceived by tiie code official) cauaed the reatriction of 
the uae of plaatica in buildinga. A conpariaon of tine veraua teaperature 
curvea in Figure 6.10 (Page 6*16) alao ahowe hov fire reaiatance ratinga 
are regulated baaed on tha *Srorat cnae** fire rather than nora **typical** 
fire depicted in Figure 6.11. The precedence act for **plaatica" ia vary 
reatrictive. Total area and aingla panel naterial linitationa hanpar tha 
widaapread utiliaation of plaatica in tha building induatry. ^are ia a 
genuine *'anti>plaatic” aentiiaant which haa propagated throughout tha build- 
ing induatry. Thia aentinant raaaonably aaauraa that increaaed acceptance 
will only cone through public ralationa efforta to diapel niaconceptiona. 

Tha PV induatry nuat ba alert to the dangera of initial over-regulation. 
There ia alao a aerioua queation aa to whether poorly conatructed PV 
nodulea, panda or array inatalled in early axparinantal applicationa nay 
alert thoae writing codea that PV wodulea and arraya wiat be aarioualy 
reatricted to avoid perceived problaaw. Therefore, the PV induatry nuat 
take care to only releaae for potential utiliaation producta idiich will not 
gain a reputation aa a public health or aafety hasard. Thia will not be 
aaaily acconpliabad conaidariog tha propenaity of PV nodulea to contain 
layara of "plaatic" notarial. Tha PV induatry will be working fron a 
diaadvantage ainply becauaa of reatrictive precedence applied to plaatic, a 
conatituant naterial. 
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. STAMDARD TEST METHOD UPDATING: 

Standard Teat Mathoda (Standarda) apacify Cha auicability of producca, 
aMtariala and aubayataiaa Co aMat aiiniaMaa lavala of public haalch and 
aafaCy. Standarda ara found ganarally in ona of two foraM: parforauinca or 

praacriptiva (apacificaCion). Aa far aa naw producta and tachnologiaa ara 
concarned, it ia daairabla for all aCandarda to ba parforawnca atandarda. 

Aa Cha naaa iaipliaa, auch a atandard projacta a aiinianaa laval of accaptabla 
perforaMnce. Thaaa favor no particular matarial but hava a ainiaiMi 
accaptabla laval objactiva. Thia kind of a dafinition ia auitad to only 
Cha noat ganaral atandarda. For axaaipla: 

*M^n Che event of a fire, the aamke fro« Cha coabuaCion of roofing 
laateriala ahall not ba toxic enough to ovarcooa occupanta or fire 
fightara until aufficiant aacapa tia» has alapaad." 

However, who could datennine compliance with thia? InaCaad, coda officiala 
refer to apecif ication or preacripCiva atandarda for enforceable 
definitiona. An eatiaaCad thirteen thouaand atandarda, originating from 
aome four hundred trade aaaociaCiont rapraaanCing apacial inCaraaC groupa, 
are currently referenced by code docuaanCa. In a "conaanaua procaaa", a 
committee of induatry and public intareaC repraaantaC ivea dacidaa upon the 
auicability of the propoaad aCandarda written by trade aaaociationa (aae 
Figure 6.46, Page 6-106). The atandarda ara utilixad, upon approval, aa 
the reference for product performance. An innovative product which doea 
not react under teat conditiona aa wall aa a material for which the 
atandard waa written, yet which haa better reaction to actual in aervica 
conditiona, may atill be denied uaa by a code official. 
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CONSENSUS 

STANDARD 
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Figure 6.46 

The building industry may be described as an assurance dependent industry. 
Performance standards force the manufacturer to take broad marketing and 
legal product liability risks. 

Photovoltaic manufacturers must| through their own trade organization, 
establish standard test methods which successfully test the performance of 
PV products for all ranges of electrical, fire and environmental 
deterioration and hazard. Until such time as the results of these 
standards provide adequate rationale for code documents to accept PV as a 
safe societal norm (rather than an anomaly), the PV industry must continue 
to predict which existing code references (see Section 6.3, Page 6-27) code 
officials will choose to apply to the PV array. 

Nationally recognized testing laboratories conduct these standard tests. 
There are many laboratories across the nation* The reputation of these 
testing labs is mixed, both from lab to lab and from the perspective of 
code jurisdiction. ''Approval" from a testing laboratory is a good sign but 
is not a binding guarantee of code acceptance. Even if one code official 
accepts the standard test results from a particular testing lab, another 
official may refuse those results of the same testing laboratory or assign 
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additional testing procedures for code compliance. Although the "police 
potfer" empowers the state to enact building codes, the U.S. Supreme Court 
states that it is "incapable of any very exact definition." The code 
official is required to impose reasonable and not arbitrary requirements on 
new products and technologies. What is "reasonable", is left open to a 
broad range of interpretations. 

The photovoltaic manufacturer must deal with these problems in an organized 
way. National analysis of construction econoo^ in the commercial sector is 
a good place to start. If political and economic pressure is brought to 
bear on susceptible building agencies as a function of economic health, the 
rapidly expanding Southern and Southwestern economies should hold better 
potential for fair appraisal of innovative products by code officials. In 
fact, statistics bear this out. The Southern and Southwestern states are 
utilizing the continuously revised model codes with frequency, while the 
industrially stagnant Northeast and North Central states utilize locally 
drafted codes much more frequently. 
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SECTION 7 

NEC REVIEW AND ELECTRICAL REQUIREMENTS 


7.1 INTRODUCTION 


The purpose of any electrical wiring system is to conduct electricity from 
one point to another, and to do it in a safe manner. This is accomplished, 
in part, by isolating the electrical conductors from each other as well as 
from the building and by providing an appropriate grounding system. Con- 
ductor isolation is accoa^)lished through the use of insulation and protec- 
tive enclosures. In addition, protective enclosures contain disturbances 
which may occur in a wiring run, such as wire overheat and fire. There are 
numerous types of wiring schemes available which qualify as one of three 
characteristic approaches. These three principle types of Interior wiring 
systems are: 

1. Exposed insulated cables 

2. Insulated cables in cable trays 

3. Insulated conductors in raceways 

The exposed Insulated cables rely upon the construction of the cable itself 
for protection of the conductors. Because raceways are not required in 
thcStf "exposed** systems, the conductors are not totally protected from 
mechanical injury, which could lead to a shock and/or fire hazard. Exposed 
Insulated cables are permitted in most locations where the risk of damage 
is small. The insulation is rugged; however, where risk of mechanically 
Induced damage is high, protection must be provided. The insulated cables 
in cable trays are systems whereby safety is offered by both the cable and 
the supporting tray. This system is specifically Intended for industrial 
application. The insulated conductors in raceways are applicable to all 
types of wiring in all types of facilities. *There are two main 
subdivisions in this classification: 

1. Field Assembled Systems , vdiere usually the conduit or other 

enclosure is installed first, with the conductors being pulled or 
laid at a later time. These systems can be either buried into, 
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attached to, or a part of the structure, and/or any combination of 
the three* 

2. Preassembled Systems , which are either factory-assembled cables or 
prewired raceways. 

A presentation of the major building wiring types which fall Into the above 
mentioned categories Is now presented with pertinent comments. It Is 
lnq>osslble to succinctly state what wiring types will be required of photo- 
voltaic arrays In the commercial/industrial sector. This Is because of the 
wide variation of construction type and occupancy type encountered In this 
sector. Furthermore, the mounting placement and wiring exposure will 
dictate what requirements will need to be satisfied. It Is important to 
realize, however, that certain wlrlog types and practices which are 
commonly used in the residential sector are not found In the commercial 
sector. It can be assumed that the harsher environments accompanied by 
Increased risks of mechanical damage In the commercial /Indus trial sector 
will require that a well-protected wiring scheme be utilized. 

There Is a provision In the NEC which would permit the Installation of 
photovoltaic systems In tte near-term. This provision states (NEC 90-6 
Examination of Equipment for Safety): 

"It Is the Intent of this Code that factory-installed wiring or the 
construction of equipment need not be Inspected at the time of 
Installation of the equipment, except to detect alterations or damage. 
If the equipment has been listed by an electrical testing laboratory 
that Is nationally recognized* . .and which requires suitability for 
Installation In accordance with this Code." 

Therefore, If the module and/or panel electrical wiring Interconnects are 
either factory-installed or field constructed and certified by a national 
testing facility, e.g* Underwriters Laboratory, then acceptance by the code 
official who refers to the NEC will be considerably easier. This Is 
analogous to the Internal wiring requirements of electrical motors and 
lighting systems* The acceptance and listing by such a national testing 
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laboratory will be based on the developaent of the industry standards 
through the processes referred to at the beginning of this report* It is 
important* nevertheless, to be cognizant of the present NEC requirements 
regarding accepted building wiring systems, as the electrical wiring of a 
photovoltaic system must at some time lend Itself to such requirements* 
These NEC requirements are addressed in detail in the wiring section of 
this report* The following list of wiring systems and relevant comments 
are intended to illustrate differences associated with each. 

I* Flexible. Metal Clad Cable (NEC type AC) 

- trade name “BX" 

- must have Internal metallic bonding strip in contact with the 
armor for its entire length* 

- must be installed as unit using staples, U-clamps, etc* 

is frequently used in residences and in the rewiring of existing 
buildings* 

- is not allowed in battery storage rooms or certain commercial 
applications (NEC Article 511) 

- is generally restricted to dry locations where not subject to 
physical damage 

- may be exposed and concealed i^ere not subject to physical 
damage* 

- lead covered conductors available (Type ACL) if used where exposed 
to weather or continuous moisture or underground runs in raceways 
and embedded in masonry, concrete, or fill in buildings in course 
of construction, or where exposed to oil or other conditions 
having a deteriorating effect on the Insulation* 

II* Nonmetallic Sheathed (Romex) 

- is restricted to commercial/lndustrial buildings not more than 3 
floors abo>« grade and residential applications* 

- is only for dry locations* 
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III. Hetallnsulated Cable 
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- is an integral assembly of copper conductors, mineral insulation, 
and outer copper jacket that serves as a water and gas seal and a 
continuous ground. 

requires special fittings for termination. 

- isineral insulation is flame-proof and cold resistant. 

- has an entire construction which is explosion-proof, lightweight, 
non-aging. 

- raceways unnecessary. 

- has no application limits. 

Note ; Because it appears that raceways, e.g. conduit, may be 
required in the commercial/industrial sector, it may be 
possible to justify the increased costs associated with MI 
cable. MI cable with an 85*C rating may permit the use of 
smaller conductors that would be permitted for a cable with a 
60*C rating. Also, the no-conduit, free-air situation with 
MI should help with temperature control of the conductor. 
Busways are essentially unimportant here due to the lower 
current levels associated with PV than with usual busway 
current levels. Likewise, the Cablebus assemblies are gener- 
ally available with 3 to 18 cables for sizes 250 through 1500 
MCM. These give corresponding electrical ratings from 
approximately 400-6000 amp and in voltage with ratings of 
600, 5000, and 15,000 volts. The current and voltage levels 
associated with most of the PV systems in the conmercial/ 
industrial sector will be less than this and, if encountered, 
will be found only at the system output terminals. Cablebus 
and busways are therefore not recommended as serious consid- 
erations for wiring systems for the commercial/industrial 
photovoltaic system. 


IV. Flat Cable Assemblies 


- NEC Article 363 

- may be field installed 

- uses AVIG 10 conductors 
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*■ specially designed cable consisting of 1 , 3, or 4 conductors 

- allows lights t small motors, unit heaters, and other single phase, 
light-duty devices to be served without the necessity of conduit 
and cable wiring. 

V. Cable Tray 

- NEC Article 318 

- is specifically intended for industrial application 

- relies upon both the cable and the tray for safety 

- is used as a general wiring system that requires that the cables be 
self-protected, jacketed types such as MI, ALS, and the special 
tray cable, type TC. 

- is used in industrial facilities where only competent maintenance 
personnel have access to the cable, large size normal building wire 
can be used. 


advantages are: 

1. 

free-air rated cables 


2. 

easy installation and maintenance 


3. 

relatively low cost 

- disadvantages are: 

1. 

bulkiness 


2. 

required accessibility 


VI. Closed Raceways ; 

Unlike the residential sector, the conmercial/industrial sector 
involves environments where conductors/cables could receive a direct 
blow, and thereby suffer mechanical injury. Conduit is often 
essential when constructing a comnercial wiring system. The purpose 
of the conduit is to: 

1. Protect the enclosed wiring from mechanical injury and 
corrosion. 

2. Provide a grounded metal enclosure for the wiring in order 
to avoid shock hazard. 

3. Provide an equipment ground path. 

4. Protect surroundings against fire hazard as a result of 
overheating of the enclosed conductors. 

5. Support the conductors. 
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The three types of steel conduit are seen in Figure 7.1 and qualified as: 


1. Heavy-wall or "rigid steel conduit", NEC 346 

2. Intermediate metal conduit (IMC), NEC 345 

3. Electrical Metallic Tubing (EMT), NEC 348 


Comparfson of SI—/ Consult Dlamtlm 


W Tndt Sim 



ao. OS2 0.0. 1.0M" 0.0. ta»" 

to. 0J2 1.0. 0J24' 1.0. OS87" 

a 006 ■ OtU" 0 O0Tt“ 

Figure 7.1 

EMT and IMC have a larger inner diameter than the rigid conduit and, there- 
fore, allow for easier wire pulling. The reduced weights are also an 
attractive characteristic of the EMT and IMC. A large amount of field 
bending would enhance this reduced labor associated with these 2 types of 
steel conduit. A 1/2" standard size conduit diameter is usually the 
smallest encountered. Special considerations must be made when conduit is 
embedded in concrete slabs. 

What may prove even more attractive than the 3 steel conduits mentioned 
above is the Aluminum conduit. With a weight per unit length less than the 
EMT, there can be considerable labor cost savings with the Aluminum conduit 
in some cases. Its other advantages: 

1. Better corrosion resistance in most atmospheres 

2. Non-magnetic , giving lower voltage drop 

3. Nonsparking 

4. Doesn't require painting usually. 

Of the few disadvantages associated with Aluminum is the sometimes unsatis- 
factory performance when embedded in concrete. 
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A flexible metal conduit known as "Greenfield" can be used where vibrations 


might be expected, or where physical obstructions make it difficult to use 
solid, rigid conduit. This may be the case in some PV installations; and 
if so, the flexible conduit would suffice in offering the assets of metal 
conduit while allowing for flexible wiring design. A liquid-tight flexible 
conduit is also available and is generally referred to by the trade name 
"Sealtite". 

Non-metallic rigid conduit is also available. Typical materials used in 
these conduits are: fiber, asbestos-cement, soapstone, rigid polyvinyl 

chloride, and high density polyethylene. They are resistant to moisture 
and chemical corrosion. In general, there are no restrictions to the use 
of non-metal conduit within the limitations of the material, e.g. the lower 
temperature limitation associated the plastic conduits. The selection of a 
non-metallic conduit for use in a photovoltaic system would be based on 
calculations of temperature, mechanical stress, (and other parameters). 

Surface raceways are covered in NEC Article 352. They are further classi- 
fied as either "metal surface" or "non-metallic surface" raceways. This 
type of wiring system can be looked upon as a limited rigid conduit. 
However, a few characteristics of surface raceways makes them attractive 
for use in photovoltaic wiring systems. The most important characteristics 
is the resultant accessibility of the equipment within the raceway. This 
would offer an alternative to the rigid metal conduit, which makes access 
within the enclosure very difficult. Shared limitations for both metallic 
and non-metallic raceways are that they cannot be used: 

- in damp locations (unless properly gasketed and accepted for such 
use) 

- in concealed locations (2 exceptions for the metallic raceway) 

- where subject to severe physical injury 

- in hoistways 

- in hazardous locations 

Furthermore, non-metallic raceways are limited to an ambient temperature of 
50*C with conductors whose Insulation temperatures do not exceed 7S*C, and 
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a naxlaum voltage of 300 volts* The advantages of non-aetalllc over 
oetallic raceways lie within Its Insensitivity to moisture and to corrosive 
atmospheres (Including battery storage rooms). The advantages of metallic 
over non-metalllc lie within Its Improved voltage capability (based on 
metal thickness) and ability to withstand Injury* 

The ability to Integrate a raceway wiring system Into the design and fabri- 
cation of the module/panel mounting framework could be advantageous* 
Properly designed, this system could offer physical protection, watertight 
enclosure, accessibility to conductors and/or terminals for testing and 
maintenance, and Improved conductor carrying capacity due to nonderating of 
conductors (see NEC 3S2-4). The use of raceways must depend on many spe- 
cific requirements of the particular photovoltaic system* An Integrally 
mounted PV system might encounter code problems unless the raceway system 
Is left exposed and accessible or has previously been approved for the 
purpose* This also requires that the raceway Is capable of resisting 
physical damage to the extent required of It, especially in the commercial/ 
Industrial sector* A combination involving raceways and laboratory- 
accepted quick connect terminals appears to be attractive for many systems* 
This system would offer the flexibility and ease of maintenance of a 
plug-receptacle connector and the environmental protection of a properly 
designed raceway* A locking mechanism could be Incorporated into the 
raceway system If accidental contact and/or vandalism is a potential 
problem with an array* 

In conclusion, the above wiring systems can be used In PV applications 
where they have been Identified as acceptable for use* At this time, the 
fact that photovoltalcs is part of the system has no direct bearing on 
which wiring system is acceptable* Other than the lack of knowledge about 
PV, the code official will base his judgment of applicability on 
application, building type and occupancy* 

7*2 WIRING 


As the National Electrical Code does not address photovoltalcs directly, 
the designer, as well as the code official, must Interpret the code and Its 
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intent es it will or nay apply to the inatallation and uae of photovoltaic 
wiring ayatena* In light of thia, the code official say view parte of the 
wiring ayatea aa reaeabllng conventional wiring ayateaa* 

According to the NEC, a prealaea wiring ayatea can conaiat of three parta: 

1 • Service 

2* Feedera (and aubfeedera) 

3* Branch circuita 

The NEC definea theae three coaponenta aa followa: 

1. Service Conductor - The aupply conductors that extend froa the 
street main or froa transforaers to the service equipment of the 
premises supplied* 

Where service equipaent is defined as the necessary equipaent, 
usually consisting of a circuit breaker or switch and fuses and 
their accessories, located near the point of entrance of supply 
conductors to a building or other structure, or an otherwise 
defined area and intended to constitute the aaln control and means 
of cutoff of the supply* 

2* Feeders - all circuit conductors between the service equipment, or 
the generator switchboard of an isolated plant and the final 
branch-circuit overcurrent device* 

3* Branch Circuit - the circuit conductors between the final 
overcurrent device protecting the circuit and the outlet(s)* 

However, it is important to note that these definitions were established 
for use end, while the photovoltaic array is the source end* It will be 
necessary, as well as desirable, for the PV industry to avoid the use of 
these terms — service conductor, feeders sod branch circuits — s^ as not 
to have Imposed the requirements as currently outlined by the NEC* New 
terms, definitions and requirements must be generated which properly 
describe the wiring systems for PV* 
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Indeed, It is the Intent of this study to analyse the related NEC require- 
Denta as pertains to its potential interpretation and discuss their rele- 
vancy as concerns photovoltaic power systems in this report* Many sections 
of the NEC apply specifically to areas of electrical power distribution 
which are primarily a characteristic of a conventional AC power source 
(utility lines); and therefore, many areas of the code will not be 
discussed due to this obvious inapplicability to on-site, DC photovoltaic 
systeoM* The approach used in interpreting the NEC as a precursor of 
photovoltaic electrical code requirements centers on the synthesis of a 
general electrical philosoptqr as exhibited iy the code* The development of 
this electrical philosophy is most important* At this stage in the 
establishment of future photovoltaic electrical requirements as concerns 
wiring, termination and grounding, a clear understanding of presently 
accepted codes should involve more than a simple interpretation of what the 
code requires* The iiiq>ortance of the development, marketing and utiliza- 
tion of the photovoltaic module/array/system based on safe electrical 
characteristics cannot be overstated* To have photovoltaics marked early 
in their conception by electrical failure (in the sense of shock, fire, or 
other directly resulting hazards) would substantially impair any hopes for 
a rapid market development* It la, therefore, hoped that this section will 
supply photovoltaic electrical guidelines as interpreted through a very 
well-developed and well-used code - the National Electrical Code (NEC)* 

A previously published document (Residential Photovoltaic Module and Array 
Requirement Study, JPL/DOE #955149-79/1) that researched the electrical 
requirements of photovoltaics (based on the NEC) considered only the 
residential sector* The NEC makes a clear categorization of codes bjsed on 
the level of voltage encountered* The three voltage groups addressed in 
the NEC and believed applicable to PV systems are: 

1* Less than 30 V 

2* 30 V to 600 V, inclusive 

3* Greater than 600 V 

Due to the larger electrical demands exhibited by coanercial/industrial 
buildings over those of residential, the inclusion of the 6U0 volt (and 
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greaCtr) codes will Appear in this ecudy* The aaount of voltage encoun* 
tered In any one photovoltaic ayetea will depend entirely on the choice of 
series/paralleling onde by the engineer in order to reach a required power 
output in wattage* The decision of a systea array voltage will depend on 
isany factors, aaong which include: 

1* Desired systea power output 

2* Location of the array 
a* With reapect to load 
b* With respect to huaan access 

3* Load requireaents 

4* Systea perfomance considerations involving slwJowing, cell 
short-circuiting, etc. 

5. Wiring, grounding and tensination requireaents 

With regard to wiring type, the NEC definitions will be used when assessing 
the type of wire for a given location — andergrouitd, dry or %fet* The NEC 
Table 310-13, Conductor Application and Insulations, supplies further 
Inforaation about conductor types and application* This cable appears as 
Table 7*1* 

The wiring in a photovoltaic systea (interaodule, inter-subarray and array) 
is inherentl]' different from that of the branch or feeder in that it is not 
subject to overcurrent (if the systea is properly designed to Halt reverse 
current flow). The purpose of photovoltaic wiring is not to distribute 
power to various loads, but rather to supply appropriate (series/parallel) 
modular electrical continuity so that the array output can be provided to a 
particular load which will moat likely be a power conditioning unit* The 
output of the PCD will then "supply" the preaises* In addition to wiring 
type, ocher code sections will apply by virtue of their siailarity to PV 
wiring ; itea* When circuits enter or exit a building, coapliance with 
Article 225-11 will be required* 

ata-11. eastSI lias sue laWaiisss. Wk«n ssHMa braaefc sad IMar 
i ^ isqaiiewsstt sf SMioM 2IM1. 

2WLS2. sad 2KLS4 ibsB apaiy. 
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This code refers to 3 codes under Section F of Article 230 titled "Instal- 
lation of Service Conductors"* Therefore, no matter what the wiring 
classification (branch or feeder), If the circuit leaves or enters the 
building. It must comply with the requirements of a service conductor as 
stated In Article 230(F)* 


Furthermore, the entrance requirements are described In Article 230-52* 


IndIvMiMl C»Ad«cler* tnlerlns BulldtAe* ** Oilier ttrue* 
luree. Where individual open conductors enter a buildini or other 
structure, they shall enter through roof bushinu or through the wall in an 
upward slant through individual noncombuttiole, nonabswbtm insulating 
tubes. Mp loops sMlI be formed on the conductors before they eater the 
tubes. 


Thus, If Individual conductors from a photovoltaic array enter the building 
through the roof, roof bushings must be used* If they enter through the 
wall, then nonabsorbent Insulating tubes must be used In such a manner that 
rain Is prevented from entering* Procelaln Is a common material used for 
such tubes, and drip loops are also required for prevention of water 
entering the building* 


It appears that the photovoltaic wiring not entering the building must be 
Installed as stated In 225-10* 


aas-10. WMas on tundingu. The insullation of ouuide wiring on 
surfaces of buildings shall be permilied for circuits of not over 600 volu. 
nominal, as open winng on insulators, as multiconductor caUe, as Type hIC 
cable, u Type h(I cable, in rigid metal conduit, in intermediate metal 
conduit, in rigid nonmetallk c^uil as provided in Section 347-2, in 
busways as provided in Article 364, or in electrical metallic tubing. Circuits 
of over 600 volts, nominal, shall be installed as provided for services in 
Section 230-202. 


For circuits not over 600 volts. It can be seen from 225-10 that a number 
of options exist. The application of Article 225-10 to photovoltalcs Is 
based on the physical placement of the array wiring, as opposed to 
similarity of electrical function. This might very well be the case for 
the Individual module interconnects. If only one set of conductors from 
the array enters the building, then It must be Installed by one of the 
methods listed In 230*43. It should be noted that 230*43 is only 
applicable to circuits under 600 volts* 
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It will likewise be required that any photovoltaic conductor (whether it be 
individual conductors as covered in 230-52 or what might be the primary 
array conductors carrying the entire sy^)tem current across the system 
voltage) will also need to meet Article 230-54 requirements* Subsection 
(e) in 230-54 should also be considered in the photovoltaic wiring scheme^ 
as it requires that the opposite polarity leads be separated from one 
another as they pass through the service head* 


taCKiS. Ceiiiiesllefis St Ssrvlee HssS. 

Cal llalfitlQMiarvlcaHaae. Semoe raoewayt shall be equipped with t 
raintight service head. 

(SI Sarvict Cabia f qulpaad with ftabitigNt Sarvica Naad or O ooa ai i- 
•ah. Service cables, either (1) unless continuous from pole to service 
aquipmcmi or meter, ^11 be equipped with a raintight service head, or (2) 
formed ia a gooseneck and tapM and painted or taped with a sdf*sealing, 
weather-resistant thermoplasuc. 

fe) Service Meade Above Sandea-Orop Attachmofit Service heads 
afid goosenecks in service-entrance cables shall be located above the point of 
atuchment of the service^rop conductors to the boUdiag or other 
atniaiire. 

Exception: Where it is impracticMt to iocate the senict head above 
the Doim of attachment, the service head location shall be permitted not 
farther than 24 inches (610 nmj from the point of attachment. 

fd| Saetired. Service cables shall be held sacurelyja place. 

|a| Oppoalta Marlty Through Saparataly Suahad Wo l aa. Service 
heads shall have conductors of opposite polvity brought out through 
separately hushed holes. 

(f| Drip Loops. Drip loops shall be formed on individual oonductors. 
To prevent the entrance of moisture, servicc*entranoe conductors shall be 
connected to the service-drop conductors either (I) below the level of the 
service head, or (2) below the level of the termination of the service- 
entrance cable sheath. 

Cgl Arranqad that Water WW Mot Cntar Sorvica Macaway or Eoulp^ 
maul. Service-drop oonductors and service-entrance oonductors shall be 
arranged so that water will not enter service raceway or equipment. 


An additional concern of the photovoltaic wiring system involves the 
protection of open conductors and cables against damage* (Note: This Is 

for aboveground cases*) This concern is addressed in 230-50 as follows: 


tSDaO. Protection of Open Conductora and Cablet Aaalnal Damage — 
Abevaground. Service-entrance conductors installed abovnround shall 
be protected against physical damage as specified in (a) or (b) below. 

fa) Sarvica-Ifitranea Cablet. Service-entrance cables, where sabgect 
to physical damate, such as where initallad in eaposad pbces near 
^veways or coal chutes, or where subiect to contact with awnings, shutters, 
swinging signs, or similar objects, shall be protected in any of the following 
ways: (1) by rigid metal conduit; (2) bv intermediate metal conduit; (3) by 
rigid iKMimetaliic conduit suitable for tne location; (4) by dectricnl mmallic 
bmng; (5) by Type MC cable; or (6) by other approved means. 

(b) Other than iarvfea-intranea Cable. Individual open oonductors 
and cables other than service-entrance cablet shall not be uisulled within 
10 feet (3.05 r) of grade level or where exposed to physical damage. 
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Note that if the photovoltaic wiring does not qualify as a service-entrance 
cable, then individual open conductors and cables must be 8 feet or more 
above grade level. Any coomiercial or industrial situation «diere physical 
damage may be imposed on the conductor restricts their use, unless the 
appropriate steps (as mentioned in (a)) are taken to protect them. 

As previously noted, the above section pertains to voltage levels less than 
or equal to 600 volts. Articles 230 (k) identify the requirements for 
systems in excess of 600 volts. Again, an interpretation of existing code 
article will dominate the code official's decisions until PV is 
specifically addressed in the NEC. Therefore, Article 230-200 may be 
utilized for the entrance of the PV system bus. 

K. tervtcM excM«ns 900 VeRs, Nominal 

S30-200. Oonorsl. Service conduciora tsd equipment used ee dreuitt 
exceeding 600 vdtt. nominel, ehell comdy with ell spplicsbie previeiOM of 
the preceding lectiom of this srtick end with the fouowing lections, which 
supplement or modify the preceding sections. In no ease shall the provkions 
of this article apply to equipment on the supply side of the scrvice*point. 

OofMtIen; Sendee-point is the point of connection between the 
facilities of the serving utility and the premises' wiring. 

For dcarancss of oondueters of ever 600 volts, neminsl, see Naticoal Eieeirieal 
Safety Code (ANSI CM977). 


As mentioned previously, a potential difference bettseen the residential and 
the commercial photovoltaic system is the power output. It was, therefore, 
decided that high voltage (>600) requirements be studied and presented so 
as to inform interested parties as to what additional considerations have 
to be made in the event of high voltage photovoltaic implementation. Even 
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in large commercial /Indus trial applications, it is unlikely that voltages 
in excess of 600 volts will be found below that of the subarray voltages, 
and will more likely be found only at the primary array conductor level. 
Before the acceptable wiring methods for high voltage services are 
discussed, it is necessary that a clarification of service conductor 
definition be made. This is done in 230-201 as follows: 


t30-aoi. CSsMNlcsttofi of Ssrvics Candyctors. 

(s) Sscoadary Conductors. The leoondsry oonducton thsit oonsti- 
tutc the service conductors where the step-down trsnsformers are located as 
follows: (t) outdoors; (2) in a separate building from the building or other 
structure served; (3) insi^ the building or other structure served where in a 
vault complying with Fart C of Article 450; (4) inside the building or other 
structure served where in e locked room or other locked enclosure and 
aooesiible to qualified persons only; or (5) inside the building or other 
atruciurc where in metal-enclosed gear. 

I tb) Frlmory Conductors, in all cates not specified in (a) above, the 
primary conductors shall be considered the service conductors. 

I Exttpiion: Either the primary or the secondary conductors shall be 
[permitted to constitute the service conductors for an industrial complex 
'where both the primary and secondary voltages are over 600 volts^ 
nominaL 


Note: This definition may not apply to any portion of the PV wiring system 

directly, but the interpretation is possible. Efforts must be made 
by the PV industry to properly define each of the portions of the 
wiring system. 


In light of the above note and the potential for service entrance conductor 
interpretation. Article 230-202 addresses requirements for service in 
excess of 600 volts. 


t3<V102. Sarvlcw^ntranca Conductora. Scrvioe-cnlranoc conductors 
to buildings or enclosures shall be installed to conform to the following: 

(a) Conductor Slao. Service conductors shall be not smaller than No. 
6 unless in cable. Conductors in cable shall not be smaller than No. fi. 

lb) WIrIno Motboda. Service-entrance conductors shall be tnsulied by 
sneans of one of the following wiring methods: (I) in riaid meui conduit; 
(2) in inurmediate meuI conduit; (3) in riaid nonmeUllic conduit where 
fsica^ in not less than 2 inches (50.S mm) of concrete; (4) as 
aiultioonductor cable identified as service cable; (5) u open oondu^ors 
where supported on insulators ar^id where either accwible only to qualifi^ 
persons or whert effectively guarded against accidental oontact; (6) ia 
cablebus; or (7) in htisways. 

Underground service-entrance oonducton ahall oonform to Soction 

Cable tray systems shall be permitted to support cables identified as 
aervioe-catrance conductors. See Article 318. 

See Seetkm 310-6 for shicldtng of solid dielectric insulsted conductors. 


(e) O 9 M Work. Open wire (orHcet over 600 volu, Beminol, ikoll be 
imulted in aoeordnnec with ibe provUiont of Article 710, Part D. 

(d) t aeporta. Service oooductore and their eupporu, including ioeala- 
tort, tkall have strength and stability tulKcteni to ensure maintenanoe of 
adequate clearance with abnormal currenu in caae of short circtiitt. 

(e) Ouerding. Open wires shall be guarded to make them aooeatibk 
only to qualified pertoas. 

ff) t erv te e CaMe. Where cable conductors emerge from a metal 
aheath or raceway, the insulation of the conductors shall m protected from 
moisture and physical damage by a pot head or other approvw meant. 

ft) Orntning Rncewaya. Unleai conductors identified for aae in wet 
loeationt are used, raceways embedded in masonry or eaposed to the 
weather shall be arranged to drain. 

fO Conductor ConeMerod Oulaldo tufiding. Conductors plaoed 
under at leut 2 inches (50.g mm) of eoncreu beneath a buildiag, or 
conductors within a building in conduit or raceway and encloseo by 
concrete or brick not lest than 2 inches (S0.t mm) thick shall be considered 
outside the building. 


However, a high voltage primary extending from a photovoltaic array through 
the building and into a power conditioning room may not under certain 
circumstances be considered the service entrance conductor. TWo such 
examples are given in Figures 7.2 and 7.3 



Figure 7.2 



Figure 7,3 


In addition to the above code articles, the number of conductors allowed by 
code in a conduit or a closed raceway will be defined by code and applied 
Co PV wiring systems. It is apparent that code regulation as it currently 
exists allows for a number of different methods in wiring the photovoltaic 
module/array as it qualifies as either "wiring on buildings" and "service- 
entrance conductors". In establishing a wiring scheme, it must be 
remembered that according to the NEC a maximum number of conductors can be 


7-20 



placed in a respective conduit; depending on conductor physical dinenaions 
(cross-sectional area including insulation), the nunber of conductors of 
each particular sire, and the conduit trade sise. The type of conductor is 
not a factor in this determination. 

Tables 2, 3A, 3B and 3C in Chapter 9 of the NEC and Tables 7.2 through 7.5 
of this report provide for the maximum allowable number of conductors (new 
work or rewiring) that may be enclosed in complete systems of conduit or 
tubing, based on the percentage of fill of Table 1, and do not apply to 
short sections of conduit or tubing used for the physical protection of 
conductors and cables. All conductors, including equipment grounding 
conductors (insulated or bare) and neutral or grounded conductor, must be 
counted. If the conductors are high-voltage types, the cross-sectional 
area may be calculated in the following manner, using the actual dimensions 
of each conductor: 

D ■ outside diameter of a conductor (including insulation) 

CM ■ circular units 

lin. ■ 1,000 mils (or 1 mil ** 0.001 in.) 

CM ■ /4 ■ .7854 of a square mil. 

Diam. in mils squared x 0.7854 * cross-sectional area 


Table 7.2 


TsMs 1. Psrcmt of CroM Ssetlon of 
Conduit and Tubing for Conductors 


(Set Tiblc 2 for Fixture Wires) 


Number of Cowductora 

1 

2 

2 

4 

Oeord 

All conduaor rypes 
except lead-covered 
(new or rewiring) 

53 

31 

40 

40 

40 

Lead-covered conduaors 

55 

30 

40 

38 

35 


Note 1. See Ttbies 5A. 3B end 3C for number of conduaors ell of the seme site in trede liies of conduit ^ 
inch through 6 inch. 

Note 2. For conductors lerger then 7)0 MCM or for combinecioni of conduaors of different sixes, use 
Tablet 4 through 8, Chepcer 9, for dimensions of conduaors. conduit end tubing. 

Note y Where the cmlculetcd number of conduaors. ell of the ume sixe, includes e decimel freaion, the 
next higher whole number shell be used where this decimel is 0 J or lerger. 

Note 4. When here conduaors ere permitted by ocher sections of this Code, the dimensions for here 
conduaors in Table 8 of Chapter 9 shall be perming. 

Note ). A multiconduaor cable of two or more conduaors shell be created as a single conduaor cable for 
calculating percencaM conduit fill area. For cablet that have ell^ical cross leaion, the ccott*scaional area 
calculation shall be oaKd on usii^ the major diamccer of the elli^ as a circle diameter. 
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Table 7«2 (Continued) 


intiiiNHii mmrn aum m Tftii sism «f i 

(4U Mineral KOI UtMrd on ludiWiMl 




m, m>, 

9Qff K«». 

PTP, Pf. PAP. 
pApp, it. m t\ 


SPF I, FPH I 


CP 


TP 


AFN I 


TPf 


AP 


mi 


■■ 

inHHMiHilll 

HanMDnMDMraaHHMOQBBBi 

iDnraonnonraoBHHDHHBii 

HDQDDODOOIIDDDOlOIDQDIDOODDDDISDIODl 
iniaiUQDmiaaBnDDBBBODBBiOiDB 
IBIBIHaBBBBBlBBMOaBBBDBBIBiai 
IBiaHBaaBBBDOBIBaOBBBOaBBira 

IBIOOODDQDDBOOQQDDQDQCIDCIODDIBII 

iBSDOBBooaMDaaiBDaDBBDaaBiaoai 

IBDOUaonBBOODBBanOBBQDOBiai 

IBSDmBDBaBDDBIBnDBBBDDBBIDI 
IBODBBBDQBBBDQB^ 


KP l.KPP I, 
KPl.KPPi 



Table 7*3 


TaMt M. MMiifNMvi H umikm af C BAiy c ti ri In Tnit I 

(Bticd on T*blt I. CHtptft 9) 


l•rTyWll• 



T. 

THW. 

ai'H (6 rKm n 
Ik 

PI Pt r/. rtwv I). 
mm Md 
RHH (««h 




II 

17 

M 


m 

;♦ 

19 

41 

n 

19 


U i 


K« 


19 
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1. TftMii SA, }• 1C tffl» to o o w oli M noodoii or toNi« 
•liMoiw oo4 art IM iiiioii4od to o^y to ilMri mcimm of ooiiioit or toMiv 
wmi 10 proiMi np u ni wMog frooi pHtytke^ 

2. l^iiipoiiiM §fooflfHM( OMiAioionf trliao lonallitft tfeoil ht iMltdotf 
i4mo flilwititioi oooioil or toMot iff tte osiool Itoitiniooi of Um 
o^oipBMM i rpwo d io i opo iow o r fimoloiod or iMi ) tliill ko oMd io tiM 

CBlOMOtiOO. 


1. Wboo oooMt oip^ iMviM • Moioioin Iw^li oot to nmi U 
Mni (410 OMO) ort ianoM M«ooo Woo^ coMofU, tod oMIor 
OMIOHM. ilM oi^ itell 4i pproiftlid to te IIM to 40 MOWI of fii total 
o r — M ctl oo ol ofOi, o«4 Noio • of ToMoi ll(Ki4 ikriijk 110>lf 4oai not 

O^ply ip fjlli OOOdNIOO. 

^**^*httowwSiyS “ ooipiai or 


5. Sot ToWe I lisr 
ToMi I k tatti m 


4 m mmmm mn4Mm «f mv tiMiiit toO ili O Miiitt t of 
tht li^ if Uto o«ll Mii lit mmkm m kmk tn vWitii 
N AmM It lOMfiM lOtt Itr ttnoOi fooOtteM t Itigtr itat 


(Sh ToMi 1 ftr Fluort Wwm^ 


fanftM at OmMmMm 

1 

• 

• 

4 

0«M4 

AiMAfaMM typM 

11 

11 

40 

40 

40 

ftinrWniliiniii 

11 

10 

40 

M 

11 


Hm I. i«TMta}AlA«ilCfcr 
■iiOivoftNioOHlioOOOw^OM- 

n tegarte 710 MCM «r Io 
»4 Oftogfe 1.00010 0. far 


» tO tf UO MOO Oit w 




MOOM «r lifa CoIk. UM 
fa 0*^adio4 

rioll fa iint fa m • opoit 
Po «»Mo ilo« loo tfapiMil 
t faiiO Ok oiMi Uo oo|tr 


There are other coaalderationa, beyond the number of accepted conductors Iji 
a conduit, which have to be made* The greater the number of conductors in 
the conduit, the lower the rated aiq>acity idiich can be applied to the 
particular conductor. Therefore, a conduit system design which attempts to 
save space and material costs will impose restrictions on the accepted 
minimum size of conductor which can be safely used* 


If exposed, the conduit should be raintight with means of draining. This 
is specifically addressed in the following NEC article* 


tlS>Z2. W soswsy s oa txlsflor tiirfaeM of tuWdSi s s. lUoewayt on 
cttcrior Mirfsoet of buiMiagi Ntsll be nude raintight and mutably 
draiaed. 


A section of the NEC which might have application to large commercial/ 
Industrial photovoltaic systems concerns underground transmission* A 
rack'^ounted ground array tdtlch is located apart from the load site by any 
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appreciable diatance (where polea would be required for power cransmlasloo 
above ground) might appear favorable to underground tranemlsalon. However, 
It ahould be expected that proper conalderation of wiring needs (e*g . , 
protection from the environment and vandals, mounting, grounding, and 
termination) be made by both Che manufacturer and the systems designer* 

Good engineering sense Is the prerequisite for the development of a 
successful wiring scheme for this rack-mounted array* If the voltages 
Involved In underground power transmission are leas than 600 volts, Che 
following. Article 230 Section D, applies* 


Furthermore, wiring systems or portions thereof which are placed 
underground will be required to follow Article 230-30 If voltage levels are 
600 volts or less* 


aao^ liieeMloe. Sarviee kieral oaedacian iksU be iseelsied for <ho 
•ppUoif vobege. 

Ejutptkm: A ptmudtd coediiclor $kaU bt ptmUt^ to bt utdml^od 
otfoUamt: 

0. Mott eepptf oHd to o roetwoy. 

b. Bon eeppof/ot tUnei bortol wbtn ban eopptr is Jadgid to bt 
nUoUt/or tbt teti eto iU loo i . . 

c. Bon eopptr for dtnet boriot wttboot ngootl to toU eoodttieot whto 
pvt tfo tobk osMotbiy tdemifitJfor oodtrpoood tut. 

1. Ahtmtmtoi or eopptr<loA otiuoiottm wttboot toAtviAool tontlottoo 
or eonrtog wbto port «fo eobU otttmbly iAtottfitdfor oodtrtyouod tut 
to a roftway or for dtroa bortol. 


asmai. ame ana ge M n s. CondMciort dmli have sufllciaiH aavaciiy lo 
carry the load- Tbey riull not be imallcr tban No. I copper or No. S 
alvmiimin or oopper-ciad alnmimiin. Tbc g ro o ndad coodvetor ihaN not be 
im than tim mininuim ^ raqaitod by Smiem 230>23(b). 


Again, the No* 8 copper and No* 6 aluminum or copper-clad aluminum 
conductors are a minimum slse acceptable* It should be emphasized that 
they are mlnlmums under any circumstances for underground wiring* Proper 
sizing considerations for a photovoltaic array of any considerable array of 
any considerable size 025KW) will place requirements on the conductor size 
In excess of these stated mlnlmums* For voltages in excess of 600 volts, 
underground conductors need to meet the NEC requirements as given In 710-3 
Wiring Methods, whldi follows* 
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(k| UoMrarowM Cowiw rt o w . Undargromid oowdu ci ort tliall U mih* 
•Wt for Um votUfi and c o o di ti o w i iiiidor wkkh thty or« iiwuiM. 

Diioct tariolctUeiilMa coolly wHIi the provitiom of Soeiioii SHV7. 

Undoriraiiad oaW« ikoll bo parmittod lo ba diraei boriod or iaauUad to 
notway* ida mil ad for the bm aad shall noat tba doptb roqatoamtau of 
Table fiO-J(b). 

Noaabiiddad cablot aball be toeiallod to rigid a wtol eoadah, to 
totamediatc aMial ooadait, or to rigid aoemetalik ooodait on c at ad to aoi 
iMthaa 3 toebek (76 aim) of oaocrou. 


TablaT io^i 

I UM OMa n ct la l a ca a t 
af CaMa ar Macaway aa 


For SI aaitt: oat wdi * 25.4 williminn 

^ Lim 4 ky • 9aa l ia< 4 mUm aamey u tciukk tm #taai banal viiboai cacaMBMai. 
AS otbar M aai naM i c lytu a a MaO ra%aif« 2 aacfeii <50 Jm) af «aci«t« ar mivalaBt 
aOawr aeaOait ia ■OOHioa toabovt Otpib. 


£Mt€ptiom No, !: The aOoar mla/ataia aaaff ^^quir^mnis $lmll Oa 
to hi Mioc^d 6 ioeket (iS2 mmfjdteock 2 iockoi (SOM mml cf 
coocreu ar §qi$hml€Ot a^ovr lAr comdocton. 

£Me 0 ptkm No. 2: Ano$ 9okj§et to Oaary ¥Mculot tfpMc, jmcA a« 
tko^Morti ar a oawwa r d a/ poNUng ouoi, tkoU Aaar a aiMinaai aoatr 
telaf <0/0 mai;. 

£m^loa jt* lasarr on pomitiid wkon cokin ottd 

oooducten rtn/ot tomiiioUotu ar spikos ot wkm oeeou ii otkomUi 

— , 1 — d 

Ejuoptkm No. 4: la oirport nunnys, Utclu^og odjonot d^/itmd ono$ 
wkin tmpou ii nokihiud, cMe ikoll Ar pormdttod to hi horiod nut ku 
tkoo Hiocknldi? otmidnpoodwUkootiouwoyi^coocniiioclotimmot, 
onquhfoliot. 

Eicipikm No. 5: Montnyt loitoUid lo solid rock ikoll hi ponmitnd to 
hi hoHid n Innr diptk wkio tonnd hy 2 ioekn (SOM mm) ^OAPVtr 
trAicA aiay inatd to tki nek ioifoeo. 

<1) Or o t a ct ia a iMa Oaa i as a . Coadactora aaMrgtag fiam tba troiMid 


<1) Or o t a eS a a iMa Oaa i as a . Coadactora aasari^ fiaai tba tronad 
aball ba aarioi a d ia aMroaad racaway. lUcawaya taalailad aa aolai ba 
af rigid aialal oaedait iatannadiala aaial aaadatl. PVC Sebadak 10 ar 
aaalvalaat ciiaadiai fraai tba groaad baa a^ la a poiat • Cm (2.44 ai) 
abava iai a b ad grada. Caa da ctara moorioo a baildtaa abab ba pnimtod by 


t- 




The following section deals specifically with sizing conductors based on 
minimum ampacity as permitted by the NEC* Though the required size for 
photovoltaic wiring cannot be directly inferred from the NEC» a certain 
exhibited philosophy regarding conductor sizing, coupled with certain 
knowledge of the electrical characteristics of photovoltaic systems is 
sufficient for establishing an initial set of requirements* Minimum 
branch wiring size is generally ascertained by the NEC to be No* 14 
This is due primarily to the fact that the code recognizes five branch- 
circuit ratings: 15, 20, 30, 40 and 50 anq>s* The total load connected to 

a branch circuit may not exceed the branch-circuit rating (as stated in 
210.19 below)* For example, although a 15 amp branch circuit may be loaded 
to 15 amps, continuous loads shall not exceed 80 percent of the circuit 
rating. Furthermore, additional maximum anq>acity ratings must be developed 
with consideration of the type of loading* If a circuit supplies an 
individual load (e*g* , a range), the wiring is sized according to the 
current requirement of that particular load* Although the following 
articles are applied to the load end of a system, iiqkortant inferences may 
be drawn* A discussion of these follows* 


a. ■rancMIreeN IMIema 
Condselera M W wmiii Ampeeily and Sin. 

(s) OenraL ^anclhciraut coDdncton (hall have an ampacity of aot 
IcM tbaa the ratin of the braadi eircvit aad not loa than the maaimam 
load to beiorved. uUe anemUiea with the aeatial coadnctor amaller than 
(he ungrottadcd oondttcton shall be so marked. 


atO-22. Maximum Leads. The tout load shall act exceed the rating of 
the branch drcuiL aad it shall aot exceed the maximam loads specified in 
(a) throng (c) below under the coaditioBS spedfied tberdn. 


(c) Other Loada. Continuous loads, such u store lighting and similar 
loads, shall not exceed SO percent of the rating of the branch circuit. 

Exception No. I: Motor loads haring denumd factors confuted in 
aecordmce with Article 430. 

Exception No. 2: Grcuits that have been derated in accordiuce with 
Note B to TaMes 310~16 ^trough 310-19. 


Exceptions (1) and (2) exist so that a double derating doesn't occur in 
determining maximum loads* 
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Exctpikm No^ S: Qreyits suf^itd by an as$embty together with its 
aneratnem ieyices that is listed joe continuous operation at 100 percent ^ 
Us rating. 


This article exemplifies the dependency of wire sizing on the load type* 

The concern here is for determining how the load type will be classified 
for photovoltaic systems^ and how that will affect the wire sizing 
requirements. 

The photovoltaic cell acts as a current source when illuminated^ vhere the 
current is primarily dependent on: 

1* Size of cell (cm^) 

2. Intensity and wavelength of radiation reaching the cell 

3. Temperature of the cell (*C) 

4. Type of cell (material ^ manufacturing process used, etc.) 

Furthermore, the module/array current output is a function of the number of 
cells/modules connected in a parallel arrangement, as veil as the operating 
point on the voltage-current curve (determined by load resistance). The 
four initial parameters are all to be determined on the selection of a cell 
manufacturer and on the site where the system will operate. The number of 
cells/modules connected in parallel is not to be determined until detailed 
specifications relating to system design have been established. Further- 
more, the insolation reaching the cell is a function of system orientation 
as well. The operating point on the V-I curve is also due to system design 
decisions, e.g. the loading characteristics of the service equipment. 

Once these design decisions have been made, the magnitude of the maximum 
system operating current for any time during the year should be attainable. 


^Continuous loads: defined by the NEC as a load where the maximum circuit 

current is expected to continue for three hours or more. 
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If we normalize this time dependent (diurnal) current curve, it will take 
on a shape quite similar to that of the following figure (for a clear 
day)« 



TIME (STD. TIME) 


• mm Accuiun m uutxvz teims. otHY fos 

lUUSTKATIOZ FUKFOSCS. 


Figure 7.4 


The NEC (210-22(c)) considers circuit requirements Where the loads are 
characterized by a maximum current which continues for 3 hours or more. 

The bell-shaped curve above illustrates the fact that in nearly all cases, 
the photovoltaic array's operating current will not maintain a maximum 
output of such duration. Theoretically, it is feasible for a system to 
maintain a continuous current level (based on cloud cover variation causing 
an increase or decrease in insolation) for three hours or more; however, 
this level will almost never be any higher than the current value found 
either 1-1/2 hour before or 1-1/2 hour after solar noon on a perfectly 
clear day (true only if the array is oriented so that maximum diurnal 
radiation reaches the cell at solar noon). To make the determination of 
this "maximum continuous current" of the array such that the NEC safety 
factor of 1.25 applies is quite unnecessary in light of a clearer and more 
appropriate method. This method is now presented. 
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Wkoft tioadiicton or mohiooodttctor coW« ore nockod or buodlod 
witlMiit oioiauioiai i pt ciim ood ore ooi iaMoUod ia rocewoyt, Uk 
aoMOMin ottowtUc kod curreot of mdk onodortor tOoU be toduood u 


gMoptiom No. t: Mhro tmioeton of 4^§mm or ffwidti im 

Soefioo 900‘S, orv wuofM m o co oi w oii romrov tkt doroitof factats 
tkomrn oboMT tkaii appiy to the amO ar c/ power owr /ifftii'ot (Atlulas 210. 
SIS. 220. amd 220} coadttcioet emty. 


£xrnifoa No. 2: The tkraHa$ faeton of Seaiom 2l0‘22i€\. 220-2(01 
and 22OI0(bf ikall aet aaaa tka ooow drroiio| /acton or» ofio 


Emeevtum No S. Faa caadacton UutalUd fa tdbU tfoyt. tke peovitioat 
cfSactlem 210-10 tkaii apply. 

ii O o or ooi f oo* PrHoeeiow. Wbere ibt sioiidtrd ntiiH^ ud eettioft 
of tf o cfco rrc j M devieoo do nol corraipood orttb tbo retiofi tad eeifingi 
oHowod for coodveton. tbe Mat bigher stoadard tttio| ood oetUAg ihtU be 
foroiitiod. 

EMcaptkm: At Htaitad ia Sactioa 240-2. 


I ooodocrar which corriee ooly tbo Mholoaoed current 
ion. to m Ibc cue of aonnolly boloiioed ctreuitt of three 
r«. tboU oo( be oouoied wbeo opplyiot tbe feoviuonr of 


(b) In t )-«irc dront eoomtiat of 2-pbasc wim and ibe nmtm! of a 
4.«ira. 3*pbnse vye-«oofK«tod lyatcn. a common conductor carrice 
opdraniaMMcly tbe iane current ns ibc mber oondneton and abali be 
oonntnd when afvlying tbe proviiMni of Note I. 

(e) On a 4-wtre, S-fka^ wye drenit wbere tbe fuaior portion of tbe 
tend eontitts of dnctric-diiclar|e Ufbtiif, dau proewing. or lamtlar 
oqnipincftt, there are barmooic carrenU pmKnt in tbe netitral conductor 
Md tbe neutral ibail be oonsideied to be a cnrr««-carrying conductor. 

11. dboonibit Condurtor. A groundtn| ooodoctor abali not be 
ooonted wboi ap^ying tbe prodsions of Note I. 

ia. VottOfoDrop. Tbe allowable ampadtice in TnMci 3 i (VI 6 through 
310-19 are tmaed oo temperature akmc and do not ubc voltage drop iaio 
eoRddcraiion. 


1. t ip l anUl B ii a* ToMao. For caplaaation of Type Lettm. and ior 
IM of ooodaetore far tba mm o ondoe i o r iwalatiow. at 
Sim Slfrll. For iMtallition raMircmcota. m Soetieae 3I(V1 ibeoafb 

dOM aad dttVS. 

t. dpob B oWci oe Ttom. For open wiring oo tneadaien aod Ibr 
nllowtble ompMitiai of TaMm 310-17 
a^ 310-19 abab be naad. Fdr all oebar ramad—l wirfag Mtboda, tbo 
nimble aapndtica m Tabfaa 3l0-ld and 3I0-II atellba amd. Mtaai 
otbn r wia e providnd in due Code. 

I. Tbe o » 0 fao. t bigfapbaia Owo«no OirlHi> b r illiaa 
npodneton. u batnd bdow, ibnn be pmttod to be ntilinad ta tbrao-wim, 
f mf * F ^^ ^ ♦ ierwemraaie oondneton tad tbe tbron-wiia, tb^pbnie 
fiidartbatcofficetbetoulamaminpplMdby tbataorvioe. 


,4. «e cm. Tbe nmnndtiaa of Type MC oma am doior- 
mold by tbe temptrature UsnutMo of tbe bmiad oondueian in eoepo- 
m wHbia ibo able Hanoe tbe ampndtiar of Tme bit oMe nay be 
diite rywd ^ tl a o m 

i. Onru C nndM rt i r a. Wba« bare fwainnori an Had vilb naabtod 
aadacton, tbflir ailQwabk aapadtia eball ba haiad to ibl pamtad far 
Ibe iaaalaiad ooadaoiora af tbe atom aaa. 

Il MbaraHaaoblod, IbitbObailbod Cabb. Tbatoapvatanbaaa- 
eanaawbkbtbeanpacniaof miaertVianlatad. aataV-abatbed cabb an 
baand ia dBaranad by ibi n a n l at i ng Maahnli aid in tba ad toil. 

T. YyMHTWiaobaoToaltMa. TboaancitiaorTnebnW wae 
an l ae rffle d Hi Table 300-1 of ibc Standard for Baetrieal idoaboitta 
Moa^ Tooii «a Fbatki Fiioaaag Maebtaory (NFTA 79^1910) 

a man mm Tbao Co ada rt a n b a Waa aay at Cabb. Wbae tbe 
aam of aoodom a a raoaway a oabia asoabi tbeoe, tba aapacity 
m a a gnea a Tabtaa 310-ld aad 3l0-tt. bat tb aaabaa niownble 
b^camm of aefa coaductor abali be ndwed a ebowa in ebe follow^ 
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This method would simply be to determine %)hat the magnitude of the system 
short-circuit current would be under conditions of highest insolation for 
the year at the site* Code officials would require substantiating documen- 
tation when the designer seeks code approval for a system design* Because 
the photovoltaic module Is a current limiting device, such a determination 
should supply the maximum expected current under any conditions (extraneous 
to thac of lightning strike on an unprotected array where the path to 
ground becomes the conductor - see section on lightning)* Conductors sized 
such Chat they can safely handle this maximum system short-circuit current 
should be sufficient for acceptance by the code official* The tables which 
supply this information are given in Tables 310-16 through 310-19 of the 
NEC which are given on the previous page* 

It can be seen in Notes to NEC Tables 310-16 through 310-19 that there are 
additional considerations which must be made that will affect the accepted 
conductor size* As mentioned previously, the number of conductors in a 
raceway affects the maximum allowable load current acceptable* The 
isagnltude of this consideration is discussed in Note 8 and quantified in 
the accompanying table* 

A second consideration involves the operating temperatures to which the 
wiring will be exposed* Table 7.10 gives typical ambient temperatures and 
the minimum rating of required conductor insulation. Because photovoltaic 
wiring has the potential for high temperature exposure (relative to the 
30**C base used in the establishment of Tables 310-16 through 310-19), the 
designer must take into consideration such factors as: 

1. exposure of conduit/wlrlng to direct sunlight 

2* the thermal coupling of the conduit/wlrlng to components which are 
exposed to direct sunlight 

3. general system physical layout where extraneous energy input will 
affect conduit/wlrlng temperatures* 

This temperature factor cannot be neglected* In a closed conduit exposed 
to direct solar radiation, a dramatic temperature increase can be expected. 
From Table 13 it can be seen that a SO^C (122°F) temperature environment 
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would limic « 60*C rated conductor to nearly one*half its accepted ampacity 
at 30*C environment. This trend of reduced allowable ampacity with 
increasing conductor ambient temperature is graphically illustrated in 
Figure 7.5. 


Table 7.10 





TtoaparaAffi 

o4Rtqaaatf 
COaOvetor imitofioa 

totoH Vpntuatod. 
nomiiity htam 
bmtomgi 

80* C (06* F) 

(tot non OtoOW) 

•uMiAgt uHto tMCh 

Alitor hoot oourcM 
M powor itationi 
Of Muitriii pro* 

40* C (104* F) 

78*C(W*F) 

rvony 

opooM iweh m 

min 

48*C(118*F) 


Pumaeii told tooMor 
foanto (aan.) 
iaias) 

40* C (104* F) 
•0* C (140* F) 

n* C (107* F) 
to* C (104* F) 

ftAdoora to ahadt 
in tor 

40* C (104* F) 

70* C (107* F) 

In marwto toitoa 
Ron 

46*C (11I*F> 

71* C (107* F) 

Dtoaet iotor 
OKpoiura 

40* C (113* F) 

71* C (107* F) 

PtooM above 

88* C (140* F) 


110* C COO* F) 


«ovi to* C tor up to and MMuding NO. i AMO cepptr ana 7i* C IDT Mir 
lto.fAMQc9dPr. 


A second electrical consideration which should be made (according to the 
NEC) before a conductor is selected concerns the voltage drop across 
conductors. The NEC's recommended practice is to reduce voltage drop in 
branch circuits to 3 %, and in branch and feeders combined to 5Z. Note that 
this is not a mandatory requirement, but rather a recommendation of good 
engineering practice. It is primarily important to maintain a low voltage 
drop across the photovoltaic conductors due to the useful power lost with 
this decrease in system electrical potential. With a required voltage 
across the load (whether it be a set of batteries at nearly a constant 
voltage, or an inverter with a particular voltage input "window"), the 
greater the voltage drop across conductors, the more photovoltaic cells and 
area needed to meet this requirement. Minimizing voltage drop by using 
lower resistance conductors thus reduces the area of photovoltaic cells and 
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the resulting costs. The trade-off, of course, is with the Increased costs 
associated with the larger conductor. 

In calculating the total voltage drop, the nodule/subarray interconnects as 
well as the prloary leads should be considered. Because the photovoltaic 
current Is a function of many parameters, and the voltage drop is a linear 
function of this current, this calculation should be made for a 
steady-state, maximum current operating condition. To maintain a total 
voltage drop at this current to 5% or less would be consistent in magnitude 
to that recommended by the NEC for total branch and feeder circuits. 

7.3 GROUNDING 


In the establishment of an overall grounding philosophy for photovoltaic 
systems It Is essential that one takes the entire system Into considera- 
tion, not just the array. The photovoltaic system grounding considerations 
should not only Include the module/panel/array, but the leads, conduit, 
lightning protection, and load equipment as well. As the system complexity 
Increases, for example, when the photovoltaic system is Interfaced with a 
utility AC power supply, additional considerations for grounding must be 
made. It is the overall system approach which Is presented here. The 
various grounding schemes are presented to permit the reader to examine the 
logical development of an effective grounding system. It should be 
initially understood that a photovoltaic array presents a very unique 
electrical power system, and that grounding for such a system can be 
approached in many ways. It Is hoped that this section will offer a clear 
understanding of the reasons for the establishment of an electrically safe 
photovoltaic system. 

A major difficulty in developing a grounding philosophy for photovoltaic 
systems Is due to the wide variety of photovoltaic system designs. Design 
specific characteristics of these systems should focus on the Inherent 
safety offered by the grounding system used. Furthermore, a potential for 
shock and/or fire exists for all systems, thereby requiring that proper 
grounding and user insulation from ground be maintained. 
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At this point in time, the development of grounding systems for PV systems 
continues* Studies are currently being performed by UL which will result 
in grounding philosophies and systems for photovoltaic systeiss* 

It is recommended that the reader review the UL work for information on 
grounding systems. In addition, the remainder of this section will 
identify NEC articles related to grounding techniques, grounding conductors 
and conductor sizes. 

This combination of a solidly based electrical grounding philosophy and 
present applicable NEC grounding requirements should give the reader a 
well-defined path to follow with regards to system/user safety. 

Article 250-3 addresses grounding of direct-current systems. 


B. Oresit and tysleni OreunStot 
aSM. MreaiCiirrenl tyslenis. 

(a) Twa»«lra Otraal esrranl tys ta wia. lb>o-wii« dc tystens sep- 
piyiag pramiMS wiriag ibsD bt gresadad. 


BsetptUm No. I: A tftum afwTMfd with a fnwiid irtaciar and 
i^y todusuM oquipmtot in limiind or«o$. 

£)ueptUm No. 2; A sytttm opwotlog M SO volu or ku Utwom 
tonducton. 

ExetptU" ^ ^ V«*»» opofoiing ot om SOO vobt bttwttn 

(XHufuctort 

Exctption No. 4: A rodifior-dorkti dc tytttm ntppUtd from on oc 
tytum complying witk Stction 250‘S. 

Enctpiion No. 5: DC fire proitetiw dgyling ci^U AsWm a 
maximum current of 0.030 omptret at tptcifitd in ^ielt 760, fort C. 


COMMENT: The first exception might be a consideration for photovoltaic 

arrays in industrial applications, where access is limited to 
qualified people only, e.g. a roof mounted array with access only 
throu^ normally locked doors. This, however, overlooks the fact 
that individuals other than "qualified” people will probably have 
access. It seems unlikely that the cleaning person would be 
sufficiently versed in electricity to be considered "qualified” 
enough for safe activity around such ungrounded equipment. (The 
additional usage of a ground detector is something which will be 
discussed later in this section.) 
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The second and third exceptions, as mentioned in a previous 
report (JPL #955149, RPMS), are based on one readily 
understandable consideration, and the other on an outdated and 
inappropriate consideration* The former, low voltage exception 
is based merely on the reduced hazards associated with the low 
potential. The latter exception, #3, is the result of a very old 
code which addressed permanent equipment that operated at above 
300 volts DC. In this case the equipment was grounded and the 
system was not. It is felt that neither of these exceptions 
should be applied to photovoltaic arrays. Though exception #2 is 
a low voltage exclusion, from the previous uiscv^'sion of 
hazardous conditions (e.g., height) which frequently accompany 
these arrays, it is evident that the minimization of shock of any 
perceptable magnitude should be pursued. The hi^ voltage 
exception is obviously not of any application with regard to 
these DC power systems. Exception #4 is a case where a PV 
inverter runs backwards. Evaluation of this exception is being 
undertaken by UL at this date. Exception #5 is likewise not of 
any value in this study. 

In addition, the NEC Identifies the proper methods for grounding of 

enclosures and equipment in Articles 250(D) and 250(E) respectively. 


O. tacleser* OfeistStos 

aWKSI. Servtes Sscswar* ssS EncleswrM. Mcul encloiurci for tcr> 
vice eonducton tnd •quipmcnt thsll bt grounded. 

SM^U. outer ConSueter Endoeuree. MeuI eneioturcf for other tksn 
Mrvice conduciort shell be grotiaded. 


Exctption So I: Ueiol tnclosurts for tonductwt ai4td to txitting 
ittsioUatioiu of optn wire, kxob-oxd-iube wirine, end nonmeiollir~sheaihea 
eoMt. if in runs of tess than 2S feet (7.62 ml. if fret from probobte contoct 
with ground, grounded meiol. neeiollalh. or other c^ueiive moieriol, tnd 
if guarded against tonsact by persons shall not be required to be 
grounded 

Exception So. 2: Metal enclosures used to protect cable assemblies 
from pnysical damage shall not be required to bt grounded. 
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K. tqytpmtfil OroyiitfMit 

rstt«A#d In Mnen nr ConnncM ^fnnnnftt 
Wlrlii0 Mntho^t Etpoicd fioncyrrcni -carry in| mcul ^ru of 

ftaad aquipmeni likely to become tncrg iiod shall be froNiidcd onder any of 
the conditions in (a) through (0 below. 

In) Vomcnl nno Mortaontat Olatnneoa. Where within • feet (2 44 m) 
verticalty or 5 fact (1.52 m) horiaonully of ground or a^^od^ 
objects and subject to oonuct by persons. 

|b) Wol or Dam# iocobofin. Where located tn a wet or damp location 
and not isolated. 

(c) tioctrleni Contact. Where in electrical contact with mcul 

(0) Naiardoui (Ctasalliod) Locatlono. Where in a haiardous (classi- 
bed) location as covered by Ankles 500 through 517, 

(o) Mot ante WIrInn Mothodo. Where supplied by a metal-clad, meul 
aliMthed, or mtul-raceway wiring method, eacept as permitted by Section 
250*33 for shon sections of raoeway. 

(f) Ovor ISO Volta to Oround. Where nquipment operates with any 
terminal at over 150 votu to ground. 

EMcepliofi So. i: Eoefosures fot twitekts or circuit breokers used foe 
other than service t^pmcni and occcssikie so quoUfied persons on/y. 

Exceptioo So. 2: Metoi frames of e/erfrjre//>' keoied opptiaoces, 
OMcmpted ky ^edoi mrmissiou, in which case she fratnes shall be 
parmatiewly aad ejectmly iasulased from ground 

Excepsioa So. 3: Disfribusion apparatus, such as Srasuformer astd 
capacitor cases, mourned on wooden poles, as a height exceeding i feet 
{2d4 m) above groutsd or grade level. 


Finally, the following sections of the NEC are areas of concern once a 
grounding system has been established* These codes concern themselves 
with: methods of grounding, effective grounding paths, bonding, grounding 

electrode system, grounding electrode conductor, grounding conductor size, 
and equipment grounding conductor size* The following relevant NEC 
sections are not listed In their entirety* 


NEC ARTICLE 250 SECTION F Methods of Croundlng 


tffectlvs aroMfiSinf ^sl>i. The pith lo gfousd from circuiu, 
•quipmeni, ssd conductor tncloium thill; (I) he permanent and continu- 
oui, (3) have capacit> to conduct tafely any fault current likely to he 
impo^ on it; and (3) have tuftciently impidance to limit the votuge 
to ground and to faciliute the operation of the circuit protective dcvioet in 
the circuit. 


J. Oroundlns Conductors 

tSO^I. MotoHsl. The material for grounding conducton shall he at 
apeci6ed in (a) and (h) hetow. 

<a) Grounding tloctfodo Conductor. The grounding electrode oon- 
ductor thal) be of copper, aluminum, or cc^per-clad aluminum. The 
material lelocted thall or ratitunt to any corrotive condition etittiag at the 
intunation or thall be iniuhly protected againtt oorroiion The conductor 
shall be lolid or stranded, iniulated, covered, or bare and shall be installed 
in one continuous length without a tplioe or joint. 

SMC€pii<m No, i: SpHcti in husbon ukail U pvmiuod. 

Exception No, 2: Wkeft o jcfvicc comisis of more ikon o single 
en *:>surc os permitted in Section 230-45, it skoll he permissible to connect 
tops to the grounding electrode conductor. Eock such top conductor shall 
extend to the inside of each such enclosure. The g^ndine electrode 
conductor shall be sited in accordance with Section 230-94, but the tap 
conductors shall be permitted to be sized in accordance with the grounding 
electrode conductors specibed in Section 2^94 for the largest conduefor 
serving the respective enclosures. 


SUa of Olroct<urrtnt fyatom Oroundino Conductor. The site 
Of the grounding conductor for e dc tyttem thall be at specified in in) 
through (c) below. 

fa) Not Go Sm^r than the Nmitrgf Conductor. Where the dc tyttem 
dPSt ttu of a 3-wjre balancer tet or a balancer winding with over current 
protection at proridod in Section 445*4(d), the grounding conductor shall 
Mt he smaller than the oaatral conductor. 


(hi Not Go Smaliof than thoLorgoat Conductor. Where the dc tyttam 
it other than at in (a) about, the grounding conductor shall not he e if i k f 
than the largest conductor supplied by the tyttem. 


(e) Not Ge Gm eS or Gieo No. G. lo no csk thall the crouBding 
conductor he tmalkr than No. I copper or No. 6 aluminum. 
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7*4 LIGHTNING PROTECTION 


A lightning strike to earth is a statistical event which is dependent on 
changing weather patterns, thunderstorm electrification, nature of the 
strike progression to the earth, and the highly local nature of the 
geography* In general, the deterirlnation of the need for lightning 
protection is based on the following factors: 

1* Occupant safety 

2* Nature of building and contents (value) 

3* Relative exposure 

4. Thunderstorm frequency and severity 

4* Indirect losses 

6* Availability of firefighting apparatus 

A very large percentage of the damage caused by lightning occurs in rural 
areas* A building among many other buildings of similar height is less 
proiie to a lightning strike than a similar building placed alone in a rural 
setting* A photovoltaic array atop a 3 or 4 story complex that is situated 
in a flat, open space may need lightning protection* Due to the space 
required for a ground mounted array (solar access) and the conductive 
nature of such an array, proper lightning precaution is essential here as 
well* In considering lightning protection for photovoltaic systems, one 
should be aware of the poteutial damage associated with both the roof 
mounted and the ground mounted system* 

The ground mounted array may exhibit both an affinity for lightning as well 
as an adverse reaction to a strike; however, the major difference to that 
of the roof or wall mounted array is the obvious segregation of array and 
building. Therefore, the ground mounted array becomes less of a direct 
hazard to the safety of the building and its occupants. Fur instance, a 
fire within a module resulting from lightning proposes, in all likelihood, 
only a risk to the remainder of the array and not to the building* 

However, line surges from the array leads still create a potential building 
fire hazard if load equipment failure occurs* In any case, the potential 
damage resulting from a lightning strike to an array is reduced by having 
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the array separate from the building. The need for lightning protection 
for the array must take this reduced potential loss into consideration. 

To better determine the need for lightning protection, it is essential that 
thunderstorm frequency as we^l as s»»verity be established. The frequency 
of thunderstorms vary in the U.S. from a minimum of five days/year to a 
maximum of over 90 days/year, e.g. in Florida. Though New England may have 
only 20 thunderstorm days per year, the severity of the storms makes that 
region a high risk area. Figure 7.6 Illustrates the regional propensity 
for thunderstorms on an annual basis. 



Figure 7.6 

This map is referred to as an isokeraunic map which is published at 
intervals by the U.S. Weather Bureau. This Isokeraunic level fluctuates 
widely from year to year; and furthermore, it fails to distinguish between 
cloud-cloud and cloud-earth lightning. Power engineers concerned with 
lightning strikes to high power transmission lines use a very simple 
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relationship to estimate the number of strikes to the earth per square mile 
per year* This is given as: 

Ng - 0.25 k 

Where: Ng • # stroke to earth/sq. mile/year 

K » Isokeraunlc level 

This value of Ng can be readily altered when considering local geography 
and the nature of the thunderstorms (e.g., tropical, frontal, etc.)* 

It is not the intent of this report to expound on the electrical 
coaq>lexitles involved with lightning Induced phenomena. However, the 
development of safe photovoltaic lightning protection systems requires the 
basic understanding of certain lightning related problems. Lightning 
protection systems are typically used on conmerclal/lndustrial buildings as 
their height and size makes them more prone to llghcning strikes than a 
residence. It is inqiortant to understand the purpose of lightning 
protection itself* Upon the teallzatlon that lightning cannot be stopped 
from traveling to ground, we must provide a path of least resistance to 
reduce its potential for damaging property. This can be accomplished by 
one of two means, or a combination of both. 

The first of these techniques is shielding, which is simply the correct 
placement of a conductor so as to Intercept the strike and safely conduct 
it to ground* This is commonly done to protect buildings, transmission 
lines, trees, etc. In the vicinity of the shield there will be a zone In 
which lightning is not likely to strike because the leader (lightning 
strike) either approaches close enough to the shielding arrangement to be 
attracted to it or else too far away to be influenced, and thus is outside 
of this protective zone. In very rough terms, a single mast or rod will 
offer protection in a cone shaped volume with the apex at the top of the 
rod and the surface making an angle of 30° with the vertical. The exposure 
within the cone is said to be 0.1 percent or, in other words, out of 1,000 
strikes to the shield, only one will terminate on the protected object. 
Multiple masts or rods increase the shielded zone between them to a greater 
extent than the sum of the protected cones of each Individual rod. 
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I 

CONE OF PROTECTION j 

(o.lX EXPOSURE) I 


Even with extensive shielding of an object such as a photovoltaic array, a 
potential hazard still exists with ‘*slde-f lashes"* This phenomenon occurs 
when the lightning rod/conductor system Is poorly grounded, and Is, 
therefore, of high resistance, which produces high voltages. An additional 
effect which Increases this voltage Is due to the Inductive nature of the 
conductor. The magnitude of this voltage due to Inductance Is determined 
by the rate of increase of current. Because of the probable 
exposed-metallic nature of photovoltaic arrays, this problem of 
' "side-flashes" needs to be addressed* One technique to eliminate this 

phenomenon Is to metallically bond the exposed photovoltaic array member(a) 
to the lightning conductors* 

The NEC addresses this Issue In Article 250 as: 

I X8(Me. Ssecins from UeMnIns Reds. MeUi racewtyt. cadoMirct. 

i framet, and other fMocurrent -carrying meul nru of electric equipment 

ikall Ik kept at least 6 feet (1 .83 m) awav from lightning rod conductors, or 
(hey shall be bonded to the lightning rod conductors. 

Sac SKtiom 2S0-M and IOO-II(b)(S) For faitber Mformation sac the Ughming 
Proiaction Code, NFPA 71-1977 (ANSI), arhicli conuitts dcuiled information on 
pounding lightning proccctioft tyttoitf. 

Therefore, if the roof or wall mounted array is located such that the 
application of a lightning shield system reduces the spacing from the array 
to the lightning conductor to within 6 feet, then the array must be 




Figure 7.7 
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electrically bonded to the lightning rod conductors* This does not , 
however, allow the lightning protection system to become a replacement for 
the photovoltaic system's grounding conductors. This Is per requirement of 
the NEC as shown: 


SSOas. Um of UsMniitf Redo. Lithtnim rod oonducton and driven 
pipes, rods, or other r adc electrodes usM for eroundinp lightning rods shall 
not bit used in Neu ot the made grounding eiwtrodes required by Section 
2S043 for f/ounding wiring syttcmt and equipment. This provision shall | 
not prohibit the required boMing together of groundiag electrodes of 
dUTerent systems. 


This last novlslon allows the common bonding of electrodes from various 
systems and Is addressed further In the NEC in Sections 800-31 (b)(7) and 
820-22 (h)* This practice Is recommended because It causes all the ground- 
ing electrodes to reach the same potential, eliminating any current flow 
from one electrode to another* For an extensive presentation of shielding 
systems one should refer to the National Fire Protection Association's NFC 
(National Fire Code) Volume 7, Section 78, concerned with lightning protec- 
tion* This code covers lightning protection requirements for ordinary 
buildings, miscellaneous structures and special occupancies, heavy-duty 
stacks, and structures containing flammable liquids and gases* It does not 
cover lightning protection requirements for explosives manufacturing build- 
ings and magazines or electric generating, transmission, and distribution 
systeiBS* An “ordinary" building is "one of common or conventional design 
and construction used for ordinary purposes, whether commercial, farm, 
industrial,.**.". Therefore, even though this code does not cover 
electrical generating systems as such, it is an invaluable reference in the 
design of photovoltaic lightning protection systems* Its inapplicability 
to electrical generating systems is in reference to the high power 
distribution systems associated with conventional utility companies, and 
Is, therefore, of little concern* Section 78 of the NFC addresses many of 
the concerns on which the proper design of a lightning shield system 
centers, such as: acceptable ’.*od placement as a function of building 

shape, acceptable materials, grounding electrode requirements as a function 
of soil type, bonding of metal susses, and much more* It Is Interesting to 
note that the NFC Section 78, Paragraph 3-24, Metal Bodies , states that. 
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"Metal bodies of conductance shall be protected if not within the tone of 
protection of an air terminal (rod)* All metal bodies of conductance 
having an area of 400 square Inches (0*26 m^) or greater or a volume of 
1,000 cubic Inches (0.016 m^) or greater shall be bonded to the lightning 
protection system. " This requires that the photovoltaic array must be 
bonded to the lightning protection system If It Is not trlthin the zone of 
protection offered by the lightning rod. This NFC 78.3-24 combined with 
the NEC 250-46 will require bonding of the array to the air terminal 
conductor In every case, except where the entire array lies within the zone 
of protection and Is greater than 6 feet from any lightning ground 
conductor. 

Having discussed shielding as one technique of reducing the potential for 
lightning related damage, another protective technique is now oresented 
which is of most Importance concerning photovoltaic systems. Because the 
photovoltaic array Is an exposed object which Is connected via electrical 
conductors to load equipment, the phenomenon of abnormal voltage surges due 
to lightning discharge must be considered. Lightning can cause these high 
voltage surges in the conductors by Induction due to a nearby strike, as 
well as by a direct strike to the conductor. A direct strike usually 
creates a higher potential; however, severely damaging voltages are 
attainable by lr.uuctlon phenomenon. On relatively low voltage systems, 
induced voltages are a hazard. It is through the use of "arrestors" that 
these dangerous transient overvoltages are drained off the line and safely 
to ground. Without the use of such protective equipment the photovoltaic 
array would be prone to one or more of the following if high transient 
voltages are created in the array conductors by a lightning strike: 

1. Destruction of conductor insulation 

2. Destruction of conductor(o) 

3. Destruction of load equipment Insulation 

4. Destruction of load equipment 

An indirect result of either conductor or load equipment Insulation failure 
Is a high potential for shock and/or fire. The arrestor offers the high 
voltage a low resistance, alternative path to ground, thus avoiding the 
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above-mentioned hazards* The proper placement of these arrestors on a 
photovoltaic system should reduce module/panel/srray, as well as load 
equipment dfmage due to lightning surges. The roof and wall mounted arrays 
will, in most cases* be free of a potential direct strike to the leads 
because of close proximity to load and because of direct strike shielding 
from proper air terminal placement* Induced overvoltages* however* still 
need to be considered* The ground mounted array where overhead 
transmission lines are utilized offers potential for both direct and 
induced surges* Protection oust be offered to both the load equipment and 
the array. The NEC addresses lightning arrestors in Article 280* 


WsiiiSsr Wseelfee. Where used at a poiai on a circuit, a surge 
arrester shall he coniMCted to each ungrounded oonductor. A single 
insullation of such surge anesteri shall he permitted to protect a number of 
interconnected dreuiu provided that no arcuit is eapoM to surges while 
ditconnected from the surge arresters. 


From the previous section on grounding (where a nongrounded lead approach 
is recommended) it is seen that an arrestor for each lead is required. 

These arrestors should be placed both at the exit from the array as well as 
at the entrance to the building* Under Section C* Other Occupancies* oi 
the NEC Article 280* this placement is further elaborated on: 


t. tnataNsMon 

gaiKII. tocelion. Surge arresters shall he permitted to he located 
indoors or outdoors and shall be nude inaoccssible to unqualified persons. 

■BMctptioK Surge urrtnm luted far iauallaHoa la aceeuMe laea- 
tiaat. 


Further NEC requirements concerning installation and conductor size and 
material are also available* In the most limiting case* a minimum of four 
lightning arrestors should be used on any photovoltaic system* They should 
appear in the system circuit in the following locations: 
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Figure 7.6 
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If the array is ground mounted accompanied fay relatively long overhead 
tranamlsslon llnea. Increased application might be considered appropriate. 

7.5 ELECTRICAL TERMINATION 


A photovoltaic module electrical termination study was recently completed 
(Motorola Inc. /ITT Cannon JPL #955367) which developed Information to 
assist in the selection of “life'cycle cost-effective electrical 
termination for photovoltaic modules and arrays.'* This report developed 
and Identified: design requirements; selection criteria for four 

application sectors (remote, residential, commercial/industrial, and large 
Industrial/central station); existing candidate termination hardware and 
their attributes; and cost drivers. It Is not Intended that a critical 
review of this extensive work be presented here. Rather It Is felt that 
certain areas, which appear relevant to the termination requirements of the 
commercial/industrial sector as seen In this report, be highlighted. 
Furthermore, due to the hi^ degree of similarity between the terislnatlon 
requirements in both the residential sector and coionerclal/lndustrlal 
sector, pertinent information will be drawn from another publication: 
Residential Photovoltaic Module and Array Study (JPL #955149). It Is the 
Intent of this study to present the previously published Information 
concerning photovoltaic wiring termination along with the most recent 
developments in this area. Additionally, specific considerations will be 
discussed as they pertain to problems that may be encountered In the 
commercial/ Industrial sector. 
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Independent of the application aector and/or sM>dule/panel/array aise(a) 
are certain fundaaental requireaenta for temination hardware. The first 
of these are electrically based and need little, if any, supporting 
aaterial: 

1. Adequate current capacity 

2* Adequate electrical insulation (voltage requirement) 

3. Low ohmic contact 

It is in the area of current and voltage where a particular terminal will 
need to meet certain performance requirements as dictated fay industry 
standards (see following section on standards). The successful completion 
of tests, e.g. the dielectric voltage-wlthstand test as defined In 
Underwriter Laboratory's UL310 Quick-Connect Tensinals, will be necessary 
before approval and acceptance is possible. The low ohmic contact Is more 
a performance requirement than a safety requirement; and therefore, an 
acceptable level will be determined by the terminal designer considering 
economics and accepted standards. 

Two additional and fundamental requirements for photovoltaic terminals 
are: 

1. Adequate weatherlzatlon 

2. Low life-cycle cost 

Because of the uncertainty associated with an optimum photovoltaic 
mounting design, the severity of environmental conditions to which a 
terminal connection will be exposed will differ considerably from one 
design to another. An environmentally-exposed terminal on a rack-ground 
mounted array will experience a much greater exposure to water, ultra- 
violet radiation, and ambient temperature than a concealed terminal used 
for the wiring of an Integrally mounted system. Last but not least Is the 
most Important economic consideration — a low life-cycle cost. This cost 
is reflected in many of the performance characteristics through the ability 
to maintain and replace the terminals while In service. A terminal whldi 
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It not ctptble of aeeting tht durtbility roqulreaentt for Its ptrclcular 
•nvlroQMnt will need to be chtraeterlted by: 

1* Btty accets for testing 

2* Ea^ access for nalntenaoce 

3« Quick ceplaceaent tine 

4. Low level of labor skill InvolveMnt 

These are necessary If a low life-cycle cost Is to be expected* It should 
be noted that of the nine generic termination types investigated In the 
ITT Cannon/Motorola report, all were found to have MTBF's (Mean Time 
Between Failures) that exceeded the nodule design life of 20 years* This 
determination, however, was not based on the quality control and/or termi- 
nation speclflcatlo'^ which are typical of conmerclally available termina- 
tion hardware* Therefore, the above-mentioned terminal design character- 
istics need to be considered so as to keep life-cycle cost reduced* 

7*5.1 STANDARDS AND CX)DES APPLICABLE TO ELECTRICAL TEBMINATION OF 
PHOTOVOLTAIC SYSTEMS 


In the area of electrical terminations, an obvious source of 
Information Is the National Electrical Code. However, this source 
offers only a very general guideline In this area* One major 
concern of the NEC Is the r roper selection of a connector when 
conductors of dissimilar metals are Joined (NEC 110-14), e*g* copper 
and aluminum. These codes are not likely to be of major value to 
the photovoltaic termination study* The listing of a terminal by an 
Independent testing laboratory, e*g* Underwriters' Laboratory, 
should be sufficient for acceptance by the NEC; and therefore, a 
better estimate of a connector's usability can be made based on 
certain UL test standards* Three Important UL standards which will 
affect termlnal/termlnatlon acceptance are: 

1. UL 310 Quick Connect Terminals 

2* UL 486 A/B Wire Connectors and Soldering Lugs 

3* UL 514 Outlet Boxes and Fittings 
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Each of Chase standards address a number of performance crtcerte. 
The first two standards, UL 310 and UL 486, address termination 
techniques which are not accompanied by a terminal box* Certain 
performance criteria evaluated with these testing procedures are: 



Secureness 

Heating and Heat Cycling (due to I^R iosa in connection) 
Pull-out 

Dielectric Voltage Withstand 
Secureness of Insulation 
Flexing 


In addition to these performance criteria, there are additional 
criteria which apply indirectly throu^ the establishment of OOE/JPL 
test specifications (DOE/ JPL #5101-138 1982 Technical Readiness 

plications)* 


This is a document that establishes the requirements for the design 
and test of terrestrial solar cell modules* Due to the physical 
proximity and integration of terminal connections with the module, 
the same criteria will apply to each* An applicable document which 
is referenced in this technical readiness report is a military 
standard, M1L-STD-810-C, Environmental Test Methods. Harch 10, 1975* 
The criteria which are addressed in this module design and test 
requirement include: 


Thermal Shock (externally generated teiq>erature cycling) 
Humidity Cycling 


UL 514, Outlet Boxes and Fittings, is a more extensive standard than 
UL 310 or UL 486* This is primarily due to the requirement for 
specific fittings of the various cable and cable enclosure types, 
e*g« Mineral-Insulated Cable and rigid metal conduit* This standard 
dictates such requirements for terminal boxes as: 


• Mactrial 

• ThlckoMs 

« ProtaccloQ corrt^slon 

• Atstably 

• OlMMlon 

• Balntlghtness 

These ere accoopenled by perforoence criteria such as: 

• Water absorptioa 

• Flaae-retardant properties 

• Heat distortion 

• Heslstance to crushing 

• Heslstance to lopact 

• Flexural strength 

Though these lists are not conplete» It Is evident the extent to 
which a device auct be dealgnad and tested before this critical UL 
acceptance takes place* 

There are additional standards which have application to 
photovoltaic electrical teralnatlon* These standards are the 
Military Standards, and they address many of the ease perforaance 
specifications for electrical connections as does U*L« These 
specifications address specifically: 

• Accelerated temperature cycling (MIL*’STO-202, Method 107) 

• Insulation resistance (MZL-STD-202, Method 302) 

• Dielectric withstand voltage (MIL-STD-202 , Method 301) 

• Contact resistance (MIL*-STD-‘202, Method 307) 

Depending on the materlal(s) used In the connector(s) , further 
testing Is needed to establish perforaance data for accelerated 
weathering as addressed by the American Society for the Tasting of 
Materials (ASIM)* Two such standards are: 
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A81M D-1435-65 


R«co— nd«d Practice for Outdoor 


WtathTlnn of Plastic 

A8TM D-1149 AcctlTaf d Oton« Cracking of Vuloni«<d 

Kubbar 


Aa can be aean, nany requirement a need to be met by the particular 
electrical connection. The acceptance by the National Electric Code 
will center on the connector 'a ability to be qualified by an 
"electrical teatlog laboratory which la recognlxed aa being, 
properly equipped and qualified for experimental teatlng." NEC 
acceptance will be further baaed on "Inapectlone on the run of gooda 
at factorlea and aervlce^alue determiuutlon through field 
Inapectlona. " Therefore, the succeaaful Hating by Underwrlter'a 
Laboratorlea coupled with high quality control and acceptable 
fleld-aervice performance will yield a photovoltaic electrical 
termination that la Inatltutlonally accepted. However, the 
conalderatlon of wiring connection flexibility, acceaa for teatlng 
and maintenance, replacement cost, and design-specific problems 
needs to be made before a life-cycle cost effective termination la 
determined. 

7.5.2 ELECTRICAL TERMINATION DESIGN REQUIREMENTS 

The Motorola Inc. /ITT Cannon report concluded that the three most 
attractive generic connections in the intermediate sector were: 

1. Plug/ receptacle 

2. Screw 

3. Criiq> 


7-52 


ThM« ••Icccioot were te««d on the addreaalng of two basic 
quaaciona: 

* Does tha particular coanector neat the particular criteria 
aalectad? 

* Does the particular criteria play an laportaot role In the 
application sector? 

Certain design factors are felt to be laportaot In the selection of 
a wiring teraloatlon technique as isentloned above. Among these 
factors Is that the selection of a certain connector should be aade 
with a strong consideration for the photovoltaic wiring systea used. 
The development of a suitable connector should be concurrent with 
the developaent of a wiring systea that meets the stated 
requlreaents of the iDodule/panel/array. The wiring systea as well 
as tho connectors need to conform to the physical restraints loq>osed 
by the mounting type and associated hardware. Furthermore, the 
electrical flexibility of such a combination should be a critical 
parameter In any successful design. The Motorola Inc. /ITT Cannon 
report essentially neglected these requirements by assuming: 

. Free access to oiodule output(s) 

. No restrictions on cable routing 

These assumptions were not detrimental to the successful completion 
of that termination study; however, from a systems standpoint the 
Inclusion of these considerations is most Important. The difficul- 
ties associated with the design of a connection/wiring systea for a 
direct or stand-off photovoltaic array exhibits the need for these 
considerations. The restrictions further Imposed by the NEC as well 
as accessibility for testing and maintenance supports this concern. 

Standardization of the positioning of terminations on modules and 
panels would significantly assist In the developaent of an 
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electrical coanector; however » It appears that a truly universal 
terminaKs) location might not be in the best interest of either the 
manufacturer or the user. Of the four genetic mounting types, the 
problems associated with electrical termination appear to create two 
divisions. These divisions are delineated by their termination 
accessibility* 

The first category Includes the integral and the rack mounted 
arrays, where electrical termination and wiring access can be gained 
from both the front and the back of the module. The second category 
encoiq>asses the direct and stand-off arrays where access is limited 
to the front of the array* To design an electrical termination 
system that caters only to front accessibility might overlook the 
far superior back accessible approach applicable to the integral and 
rack arrays* The larger arrays found in the commercial/ Industrial 
sector might present considerable difficulty and cost involved with 
troubleshooting and maintenance if the termination/wiring system is 
not readily accessible* 

The electrical flexibility that a termination offers is an inq>ortant 
consideration for any photovoltaic system. The ability to accept a 
range of conductor sizes as well as the ability to series/parallel 
connect modules and panels is of primary concern. A termination 
that offers a “pigtail" connection would offer considerable series/ 
parallel flexibility over the single conductor connector. A design 
that illustrates this connector characteristic is shown below* 



Figure 7.17 
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From a coat ataadpoint, the Motorola Inc* /ITT Cannon report 
preaented evidence that coat for the crimp and the acrew type 
connectora liea mainly in labor coat incurred while in the field. 

The environmental aealing of theae connectora requirea in-the-field i ^ 

labor involvement » which occura at a much higher rate than factory 
labor. Contraatingly, moat of the coat aaaociated with 
plug-receptacle connectora liea in factory labor. Additionally, the 
initial coata for the three connector typea are given aa: 


Table 7.11 


Initial Cost 


Connector 


In Quantities of ; 10^ 10^ 


Crlnq> 

Screw 

Plug/Receptacle 


$C.90 $0,076 
$0,985 $0,788 
$0,322 $0,232 


Because the crimp and screw type connectors have been available for 
a long time, potential for cost reduction is small. The 
plug/receptacle, however, is relatively new, and maty opportunities 
exist for cost reduction* Sumnarily, this cost Information leads to 
the conclusion that the plug/ receptacle offers the greatest chance 
of cost reduction* The fact that automated manufacturing techniques 
could displace a present, relatively low labor coat further enhances 
this termination technique* 

One manufacturer has addressed this connector and nas two 
preliminary designs as well as a receptacle/ Junction box that 
facilitates the use of conduit* These products are Illustrated 
below. 
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AMP toiARiOK 


J-BOX RECEPTACLE 


ADLl 



Figure 7.11 


No additional requirements exist for photovoltaic electrical 
termination In the Industrial sector (as opposed to the residential) 
In the area of electrical Interconnection. There may be an 
increased desire for reliability In circumstances where the power 
produced by the photovoltaic system Is used In a critical process 
that cannot experience power Interruption. This dependency should 
be avoided In the system design if at all possible, considering the 
transient output characteristics of the array. Depending on many 
parameters, the current and voltage levels experienced In this 
sector may be substantially higher than those experienced In the 
residential sector. Proper voltage and current ratings would be 
required In every application. 

7.5.3 CONCLUSION 


A substantia] amount of performance standards exist that are 
applicable to connectors which can be used In photovoltaic wiring 

•^.W,siN'\L I'no. 

iiiACK AND WHITE PHOTOGRAPH 
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temlnaclon. The acceptance by Che NEC will require that they be 
recognized and listed by a testing laboratory, which will subject 
the connectors to the conditions dictated by these standards. 
Furthermore, a successful termination design will allow for the 
electrical and physical flexibility as demanded by the system. 
Termination design should recognize that direct and stand-off will 
not allow ready access to the rear of the module/panel/array. 
Additionally, inaccessible electrical terminations will present 
problems with acceptance by the NEC. Series/parallel wiring 
interconnects will need a junction which facilitates such an 
application. It is felt that a photovoltaic electrical termination 
be developed concurrently with a wiring system. This total 
electrical system approach would be developed with the specific 
requirements associated with the four generic mounting types in 
mind. This would allow for the subiBlttal of a conq>lete system to a 
testing laboratory* Listing of such a system would resultantly 
lessen the burden of interpretation placed on the local code 
official. 
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SECTION 8 

STftUCTURAL/MBCHANICAL RBQUIREHENTS 


8*1 INTRODUCTION 


The objective of this section Is to sssess the structural and laechanlcal 
llaltatlons placed on photovoltaic nodules sod panels to be Introduced Into 
the conaerclal/industrlal sector of the building Industry* Structural 
llnltatlons of building elenents are highly dependent on the type, size, 
and configuration of naterlals* The approach was to Identify the 
llaltatlons and standards for prefabricated building elenents currently 
marketed In this sector. It was also necessary to Investigate the 
historical development, proposed conventions, and developing trends of 
these elenents In order to make reasonable assumptions about the future 
llaltatlons and standards of the Industry* 

8*2 HISTORICAL BACKGROUND 


The present day practices of the conaerclal/industrlal building Industry 
have evolved over thousands of years of trial and error of new naterlals, 
processing techniques, and construction techniques* Until relatively 
recent times, this evolutionary process was very gradual with little Impact 
over one lifetime* Rule of thumb methods for analyzing the structural and 
mechanical llaltatlons of building naterlals were passed froa generation to 
generation. Buildings were essentially constructed by hand, each snterlal 
cut to fit the context of Its use* Material selection was limited to those 
materials Indigenous to the site* Fabrication techniques were limited to 
cutting, and occasionally molding these materials to a usable form. The 
Industrial Revolution accelerated this evolutionary process rather rapidly* 
Machines automated the processes required for building material fabrica- 
tion, reducing the energy, materials, and time Involved* Reappllcatlon and 
modification of these and other processes as well «ts the development of new 
processing techniques have led to the Introduction of many new materials 
and components to the building Industry* Each new compoMnt was found to 
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have acruccural and mechanical characterise ics unique Co Che material and 
configuration of that material. These characteristics improved with each 
refinement in material processing and with additives to raw materials. 

Trial and error has remained the ultimate test of the structural and 
mechanical capabilities of material components although these capabilities 
can be calculated, within tolerable limits, through the use of formulas, 
charts, and tables which have developed from Che analysis of recurring 
mechanical and structural behavior. 

Today, Che success of a building hinges on the ability of its factory made 
parts Co be assembled in a consistent and predictable pattern with the 
least amount of effort. The controlling factors for minimizing this effort 
are essentially based on making the parts as large as possible, making the 
joints as simple as possible, and to minimize the length of the joints, 
without disturbing the performance of Che part or its ability to integrate 
into the building system. By producing the parts as large as possible a 
manufacturer can reduce the length of joints required but material restric- 
tions set limits on the maximum manufacturable part or component. 

. The material restrictions place limitations on a product based on raw 
material sizes, fabrication of the raw material into a particular 
building component, and market requirements for that component relative 
Co the economy of the finished products made from Chat component. 

. Available raw material sizes affect only those materials which are used 
as they are found in nature, without undergoing processing. Wood and 
stone are typical examples of such materials used in their raw form. 
Wood, for example, must be cut from a tree of a given diasieter. It is 
the usable diameter of the tree which establishes the maximum possible 
size of a solid wood building component. 

. Fabrication techniques define a second generation of size limitations 
for a particular building component. Most materials used by the 
commercial building industry are processed by rolling, stamping, 
extruding, molding or any other similar fabrication procedures. 
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Few llaitAtloOi;, If any, are placed on second generation processing by 
the available sizes of raw ■aterlal. The llaltatlons are based on the 
particular proceeaes such as: roll widths for rolling mllla, presses 

for staging, dies for extruding, and fonss for aoldlrg* Even aaterlal 
foraed on site aust confora isodularly to these dlaanslonal llaltatlons 
sli>ce the forawork used to define the outer skin of the foraed aaterlals 
Is processed by these autoaated techniques* Staiq>ed aetal and aolded 
fiberglass pans are typical exaaples of nodular prefabricated forawork 
used extensively In the construction Industry for poured concrete* 


Market requlreaents for aaterlals of certain sizes anl shapes are by far 
the most difficult restrictions to quantify* They not only rely on the 
usefulness of a product but also on public attitudes towards a product 
and the a<'aptablllty of the fabricated conq>onents of that product with 
other products In related or unrelated Industries* 


Combining all the restrictions placed on various building materials, 
including manufacturing limitations, some standard sizes have been 
developed* Current limitations and standards for selected processed 
materials are listed In Table 8*1* These change constantly as demand 
Increases for larger components and/or new fabrication techniques are 
developed. 

Table 8*1 

I I Width of I Lbs* /Ft* 2 

Thickness In* Sheet Size Weight 


Metal Sheets 


(Self Supporting) 
Plastics 


Thin Film Plastics 


Aluminum Extrusions 


Tempered Glass 


Thickness In* 

Width of 
Sheet Size 

Varies 

80** Max. 
48** Standard 

Other sizes available 
0.125 - 0*25 
(for glazing purposes) 

48** 

Standard 

1 mil - 7 mils 

58**, 64", 
108" Standard 
Widths 

0*60 avg* wall 

6" Circumference 
Maximum Standar: 

0*125 

48" 



0*029-0*77 
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8.3 INDUSTRIAL BUILDING SYSTEMS 


Industrial building systems utilize prefabricated components, to develop 
subsystems which integrate to form the **whole" of a building. Within the 
comsercial/industrial sector of the building industry, there are many 
areas that have had a great deal of difficulty with the integration of 
industrialized building subsystems. The difficulties associated with the 
integration of subsystems can be attributed to the diversity of the 
building program, the functional variations required of each subsystem, 
and/or, the lack of coordination between the manufacturers of a given 
subsystem. 

Subsystem Coordination 

Subsystems of buildings, found in the comnercial/industrial sector, can be 
listed under the following generic categories: 

Structure 
. HVAC 
. Lighting 
. Interior Space 
. Vertical Skin 
. Plumbing 
. Electric 
. Furniture 
. Roofing 

. Interior Finishing 


The coordination between these categories is hierarchal in nature. For 
instance, the furniture used in a building has very little to do with the 
roofing of that building while an interface between the structure and the 
roofing of a building is critical for each to meet their individual 
performance requirements. 
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. i In 1963, an induatrinllscd building ayatca wm developed for school 

I construction in Ontario, Censds— the 8.E.F. system. Within the studies 

needed to develop the system, s comprehensive mislysis of mandatory and 
optional interfaces for building subsystems was performed. Listed in 
! Table 8.2 are the reaults of that analysis. 


Table 8.2 


SUBSYSTEk 

MAMDATmY INTERFACES 

1 Structure 

2, i, 4, 5, 9 

2 HVAC 

1, 3, 4, 5, 10 

3 Lighting (Cooling System) 

1. 2, 4, 5 

4 Interior Space 

1. 2, 3, 5 

5 Vertical Skin 

1. 3. 4, 9 

6 Plumbing 

8, 9 

7 Electrical 

3, 4 

8 Furniture 

4, 5, 6, 7, 10 

9 Roofing 

1, 2, 5, 6 

10 Interior Finishing 

4. 5. 8 


The mandatory interfaces insured the coo^atibility of each subsystem 
with the remaining subsystems. For example, the roofing subsystem 
reauired interfacing with the structure, HVAC, vertical skin, and 
plumbing subsystems. A further interpretation of this analysis could 
determine secondary interfaces by listing the additional mandatory 
interfaces required by the primary interfaces and so on until a 
complete hierarchal arrangement of all the subsystems is detenained. 
For roofing subsystems, the following hierarchy has been 
developed: 



Mandatory Interfaces 
. Structural 8ubsystems 
. Vertical Skin Subsystems 
. HVAC Subsystems 
. Plumbing Subsystems 

Secondary Interfaces 
. Lighting 
. Interior Space 
. Furniture 

Tertiary Interfaces 
. Electrical 
. Interior Finishing 


1 

I 
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This srraogeMat is of psrtleulsr i^iortsocs to s isattfsctttrsr dsvsloplng 
s aodulsr product to obtsln ths highest dsgrss of itttsrfsess coapstlbls 
with sll other building subsysteas* It is ieportsnt to nots thet the 
product aust first end foreeost hsve coi^etibili^ with ths subsystee of 
which it is e pert* 

In order to illustrete the requirenents for subsystee a>epetibility, s 
nueber of coaaonly used building systeas will be discussed* As these 
subsysteas (structursi) sre typically found on construction sites* it is 
felt that these exeqiles will deaonstrate ths sises which photovoltaic 
aanufacturers aust address if a viable product is to penetrate the 
building industry* The two systeas studied are aetal building systeas and 
space fraae structural systeas* 

Metal Building Systeas 

The aetal buildings sector of the Coaaercial/Industrial Building Industry 
has had sons success with subsystea coordination and industrialized 
building coaponents* Although the aetal buildings industry got its start 
in the eerly 1900 's, it did not have a aajor iapact on the building 
Industry until the Metal Building Manufacturers Association (MBMA) was 
foraed in 1956* Its purpose was to "conduct research on building 
aaterials and aethods; review building codes, construction practices and 
safety regulations as they apply to the aetal building industry; and to 
coapile and publish recoaoMnded design standards that would insure high 
quality n«tal buildings"*^ 

Presently, twenty-five percent of the buildings constructed in the 
Coaaercial/Industrial Sector are constructed froa aetal building systeas* 
Becent patterns Indicate a current growth rate near three tines that of 
the Coaaercial/Industrial sector.^ This rate is essentially due to the 
increased architectural capabilities of the systeas along with the ever 
present functional and cost considerations* 


^ Metal Buildings Systeas Fact Boo^ , Metal Building Manufacturers 
Association, Washington, D*C*, 1977* 
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Th« d««igM for «o«c Mtol bulldt&g oyotoM «r« la ••••oc* « direct 
•xproooloa of otruccurol funcclon* Tho roconc advoncoo lo the 
architocturol eapabllltlaa have raaultad froa tha coabinacion of two or 
aora aaparata arructuraa, or chrou^ tha latagracion of coovaottonally 
conacructad coapooanta to tha ayataaa by aaploying ao architect to 
organiaa tha varlatlona* A typical aalactioo of ataodard atructural 
ayataaa and tha aodular range of each are Hated in Table 8. 3 and 
dlagraaaad in Figure 8*1« 

Of particular iaportanca in Table 8.3 la the building aodule cone latency 
of tha epana and tha bay apacing. All tha diaenaiona Hated for apana and 
bay apacing are aoae aultlple of Photovoltaic aodulea deaigned to 

integrate with all of theae aetal building ayateaa auat be diaeovioned to 
fit within a S'~0" aodule in at leaat one direction if filler panela are 
to be avoided. 

Space Fraaea 

A apace fraae ia the aoat atable and efficient fraae atructure that can 
be built becauae it tranafera loada to the aupporta three diaenaionally 
while bracing itaelf and bccauae all aeabera participate in carrying 
prlaarily axial loada (co^>reaaion and tenaion) in proportion to their 
atrength. The aiaplicity of ita coaponenta peraita the ultiaate alx of 
factory and field labor with no apecial joinery and with no decreaae of 
atructural perforaance of the overall atructure or any of ita co^>onenta. 

The aodular ahape of the top and bottoa chorda aay be equate, rectangular, 
triangular or even geodeaic (Figure 8.2). The ahape of the ayatea aay be 
planar, aulti>plaaar, or curved; and the ahape of the edge conditiona aay 
be equate, aloped*-out, or aloped-in (Figure 8.3). 
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Table 8.3 


1. Siofle-tpan Upcred beam; 


2. Sia(le-ipan ri|id franie: 


3. Single-tpan tniu: 


4. TWo-ipao Uperad beam: 


S. TWo-^mb ii|id frame: 


6. nraa-apan lapered: 


7. Tluee-apan rigid: 


I. Multi-ipan. tapered: 
(four-tpan, five ^>an) 

9. Post aad beam; 

(one and two storey 
ooostnictioo) 


cave beifhi- 
ipans- 
bay tpadnf- 
cave beifhi- 
^pans- 
bay ipacinf- 
eave heishi- 


bay spacing- 
cave beight- 
^>ans- 
bay spaang- 
cave boght- 


bay spacing- 
cave height- 


bay spacing- 
cave height- 
ipans- 
bay spacing- 
aave heighi- 
spans- 
bay spadng- 
cave haghi- 
4 >ans- 
bay spacing- 


-10‘to 26‘ 
20'to 10* 
30’to 23' 

I3'U> 24* 
30'tol20‘ 
20'to 25' 
I0'to26* 
30'tol40' 
20'lo 25* 
lO'to 26* 

60'to 160* 
20*to 25* 
l2*to24* 
lOOto 160* 

20*to25* 
l4*to 20* 
90*to240* 
20*to 25* 
l2*to24* 
I50*to 240* 
20*to25* 
l4*to 20* 
I20*to 400* 
20*to 25* 
l2*to 26* 
I20*to480* 
40*. 30*. Of 60* 


tlni^a-Span Taparad 
afidttia ao 10 ID laal 


*Ugld Frame: aMtfw 30 Id ISO laol 




30 ID MO fact Ttoa-tpan T^arad 



tbraa-ipan Mgpd 


Poia-Span Taparad Bai 


Mc c4d»ia 130 la : 


Figure 8.1 
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Standard apace fraaea which are currently aarketed are constructed froa 
A'-O** aquare aodulea or 5'*-0** square aodules for short span conditions and 
10*-0** square aodules for long spans to optiaize structural efficiency* 

As with any other building aaterial or subsystea, special^sized aodules 
could be produced at no additional charge to the purchaser if orders are 
large enough for the aanufacturer to absorb the added cost for retooling* 
It is unlikely that the nuaber of photovoltaic systems constructed at one 
time using space frames for support would warrant a manufacturer's 
retooling, unless rational and demand dictated a cost effective change in 
size. Therefore, a photovoltaic module designed to Integrate with space 
fraae systems' must be designed, in at least one dimension, to modulate 
with 4'~0", S'-O", and/or lO'-O** noad.nal center to center dimensions* 
Joints and tolerances must also be taken into account when determining the 
actual size of the isodule* 


1 


1 

! 

i 

} 

\ 
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8.4 MODULAR CONVENTION 


Principle 

Modular Convention is the standardization of modular sizes and shapes in 
order to facilitate modular coordination between building subsystems, 
elements, and components* Its purpose in the building industry is to 
enable prefabricated parts of unrelated origin or purpose to be fitted 
together without the need for site alteration of the parts or the need for 
variable joint dimensions and/or infill panels* Standard dimensions could 
be fixed arbitrarily, without regard for the structural and mechanical 
requirements; but this would require a complete redefinition of existing 
building systems* A more logical approach to the problem has developed 
through analysis of comnon sizes and shapes of semi-finished products 
currently marketed* For instance, a width of four feet (approximately 
1200 mm) is very coniaon for materials produced in sheet form; however, for 
a variety of aesthetic, functional and/or economical reasons, building 
elements do not maintain this dimension as a standard* Table 8*5 lists 
the common sizes of prefabricated elements currently used by the building 
industry in the United States* Comnon to the majority of these sizes is a 
submodular dimension of four inches (approximately 100 mm). 

Practice 


The precedence, within this report, for addressing metric units of measure 
is two fold; the U.S. Metic Conversion Act, Public Law 94-168, adopted in 
1975, and that work done on modular convention has been done essentially 
for metric units in anticipation of a worldwide system of measure based on 
metric units* 
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The Metric Conversion Act implemented a voluntary conversion process which 
had little effect on the U«S. construction industry, but it was only one 
step away from mandatory conversion* Prior to this, in 1972 the American 
National Standards Institute (ANSI) formed the American National Metric 
Council (ANMC), representing more than 300 trade, professional, labor, and 
government organizations and more than 400 major corporations, to develop 
and organize the conversion process. Since that time a number of special 
publicatiotis concerning metric conversion^ dimensional convention, and 
dimensional coordination have set guidelines for the use of metrics* 

Conversion to the metric system of measure may take one of two paths with 
respect to modularity; Soft Conversion or Hard Conversion* 

* Soft Conversion implies a retention of customary sizes with dimensions 
expressed in metric units of measure* 

• Hard Conversion requires the adoption of metric sizes and dimensions* 

Table 8*5 lists typical English modules, their metric equivalent, and 
the corresponding metric module; i*e«, the hard metric conversion* 


Table 8.5 


I 


I 

I 



EHCLISH MODULE 

METRIC EQUIVALENT 



25.4 V 


2" 

50.8 wm 


3« 

76.2 wm 


4« 

101.6 VI 


6- 

152.4 wm 


8- 

203.2 ■■ 


lO** 

254.0 BB 

( 1') 

12” 

304.8 wm 


16” 

406.4 BB 


20” 

508.0 VI 

( 2’) 

24” 

609.6 V 


28” 

711.2 mm 


30” 

762.0 wm 


32” 

812.8 mm 

< 3’) 

36” 

914.4 V 


40” 

1,016.0 BB 


44” 

1,117.6 V 

( 4') 

48” 

1,219.2 wm 


52” 

1,320.8 wm 


56” 

1.422.4 VI 

( 5‘) 

60” 

1,524.0 V 


64” 

1,625.6 wm 


68” 

1,727.2 V 

( 6') 

72” 

1,828.8 BB 


76” 

1,930.4 V 


80” 

2,032.0 BB 

( 7’) 

84” 

2,133.6 wm 


88” 

2,235.2 wm 


92” 

2,336.8 wm 

( 8') 

96” 

2,438.4 mm 


100” 

2,540.0 mm 


104” 

2,641.6 BB 

( 9') 

108” 

2,743.2 wm 


112” 

2,844.6 BB 


116” 

2,946.4 V 

(10') 

120” 

3,048.0 V 


128” 

3,251.2 BB 

(ir) 

132” 

3,352.8 VI 


136” 

3,454.4 wm 

(12*) 

144” 

3,657.6 BB 

(14*) 

168” 

4,267.2 wm 

<15') 

180” 

4,572.0 VI 

<16') 

192” 

4,876.8 V 

(20') 

240” 

6,096.0 VB 

(22') 

264” 

6,705.6 wm 

(24*) 

288” 

7,315.2 V 

(25*) 

300” 

7,620.0 BB 

(26') 

312” 

7,924.8 VI 

(28') 

336” 

8,534.4 OB 

(30') 

360” 

9,144.0 Bv 

(32*) 

384” 

9,753.6 EB 

(34') 

408” 

10,363.2 BB 

(35*) 

420” 

10,668.0 wm 

(36*) 

432” 

10,972.8 BB 

(38') 

456” 

11,582.4 VI 

(40*) 

480” 

12,192.0 BB 


METRIC MODULE 


1.200 HB 

1.300 MB 

1.400 BB 

1.500 VI 

1.600 BB 

1.700 BB 

1.800 M 

1.900 B 
2,000 « 
2,100 VI 

2.200 BB 

2.300 BB 

2.400 BB 

2.500 V 

2.600 BB 

2.700 BB 

2.800 VI 

2.900 n 

:,000 VI 

3.200 BB 

3.300 VI 

3.400 BB 

3.600 BB 

4.200 VI 

4.500 BB 

4.800 VI 

6.000 VI 

6.600 BB 

7.200 BB 

7.500 V 

7.800 ■■ 

8.400 V 

9.000 VI 

9.600 wm 
10,200 wm 
10,500 V 

10,800 BB 

11,400 VI 
12,000 BB 
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The International Standards Organization (ISO) has adopted the 100 mm 
dimension as the international standard submodule for all non^technical 
dimensions. ''Technical dimensions"! such as wall! column! and floor 
thicknesses! have no standard submodule. Within the building industry! a 
100 mm submodule is restrict ively small. Therefore! larger dimensional 
standards were developed to economize the size of building elements. 
Horizontal submodules of 300 mm (approximately 12") were adopted for the 
residential construction industry and 600 mm (approximately 24") for 
commercial construction. From these submodules preferred sizes for 
building components! elements! and assemblies have resulted and are listed 
in Table 8.6. 


Table 8.6 


PREFERRED SIZES FOR BUILDING COMPONENTS. ELEMENTS AND ASSEMBLIES 


CATEGORY 

EXAMPLES 

1ST PREFERENCE 

2ND PREFERENCE 

SMAU 

25 NM - 500 tM 
(4« _ 20") 

BRICK. 

BLOCK. 

TIU, 

PAVING UNITS 

100 MM (4") 
200 MM (8") 
300 MM (12") 
400 MM (16") 

25 MM (1") 
50 MM (2") 
75 MM (3") 
150 MM (6") 
250 MM (10") 

MEDIUM 

500 MM - 1,500 MM 
(20" - 60") 

PANELS. 
PARTITIONS, 
DOOR SETS. 
VINDOWS. 
SLABS 

600 MM (24") 
800 MM (32") 
900 MM (36") 
1,200 MM (48") 

500 MM (20") 
700 MN (28") 
1,000 MM (40") 
1,400 MM (56") 
(SEE NOTE 1) 

LARGE 

1,500 MM - 3,600 MM 
(60" - 144") 

PRECAST FLOORS, 
PRECAST HAUS, 
PANELS, 

DOORS. 

WINDOWS. 

STAIRS 

1,800 MM (72") 
2,400 MM (96") 
3,000 MM (120") 
3,600 MM (144") 

(N X 300) 

1,500 MM (60”) 
2,100 MM (84") 
2,700 MM (108") 
3,300 m (132") 

(H X 200) 

1.600 HM (64") 
2,000 MM (80") 

2.200 MM (88") 

2.600 NM (104") 
2,800 MM (112") 

3.200 MN (128") 
3,400 MN (136") 




(SEE 

NOTE 2) 

VERY LARGE 
OVER 3.600 MM 
(OVER 144**) 

PREFABRICATED ' 

BUILDING ELEMENTS. 
PRECAST FLOOR AND 
ROOF SECTIONS 

1 

i 

4,800 MM (16') 
6,000 MM (20') 
7,200 MM (24') 
8,400 MM (28') 
9,600 MM (32') 
10,800 MM (36') 
12,000 MM (40') 

(M X 600) 

4,200 MM (14') 
6,600 NM (22*) 
7,800 NM (26*) 
9,000 MN (30') 
10,200 NM (34') 
11,400 m (38*) 

(N X 1,500) 

4.500 MM (15') 

7.500 MN (25*) 
10,500 MM (35') 




Tsn 

MOTE i) 


Notea: 

1) 1100 and 1300 aay alao be Included in thia preference group tihen analler coaponenta require 
100 an flexibility. 

2) Multiplea of 200 mm are nore appropriate for vertical dinenaiona of non-naaonry conat ruction 
while nultiplea of 300 mm are better auited for integration with naaonry conatruction. 

3) For aone projecta. eapecially large open plan officea. achoola and large apana where 
atructure doninatea. it will be more appropriate to aixe large componenta or aaaembliea in 
multiplea of 1500 n (5*). 
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As a result of 4'-0“ dimensional restriction for building materials, a 
S'~0'* recommended module for metal building systems, standard 4'-0", 5*-0" 
and lO'-O" modules used in space frames, the existing modular sizes for 
building coBponents listed in Table 8.4, and the preferred sizes for 
building components, elements and assemblies listed in Table 8.6, a 
modular dimension, based on conventional building structural systems, of 
4'-0” X S'-O" is strongly suggested for photovoltaic modules. This 
implies modules and panel be some multiple of 4' x 5* nominal. 


8.5 MODULAR ORDERING SYSTEMS 


The goals of modular ordering sysCema within the commercial/industrial 
sector are essentially to minimize waste of materials and construction 
labor» improve productivity of building elements, and to simplify on-site 
construction procedures. Modular ordering systems result from both theo- 
retical and practical investigations of measurements, measuring methods, 
the determination of proportions and the dimensioning of everything from 
the smallest building components to the building as a whole. 

The basis of a modular ordering system is a modular unit of measure, from 
which any component dimension, area, or volume within the system may be 
derived through some geometric order. The size and shape of the basic 
modular unit is determined by the parallels between the following 
restrictions and requirements: 

• Structural 

. Performance 

• Hand 1 ing/Transpor tat ion 

• Geometry 

• Joints 

• Tolerance 

It will be seen that these requirements apply to all modular systems, 
including photovoltaic modules, panels and arrays. 

Structural Requirements 

Structural requirements for buildings have been clearly defined by the 
building codes discussed earlier in this document. The building codes give 
requirements for structural loading maximums; dead, live, wind, snow, and 
earthquake load as they would occur over 25, 50 and 100 year intervals. As 
these intervals increase in length of time, the structural loading 
requirements also increase. Effective loads for all permanent structures 
are based on maximum loading recurrences for 50 or 100 year intervals. 
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Theoretically, this interval is based on the peraanence of the structure* 
For structures having no huoan occupants, or where there is negligible risk 
to human life, a 25 year mean recurrence interval may be used. 

Although photovoltaic panels may very well be classified as permanent 
structures, their design life is only 20 years. It is also probable that 
their structural failure would create a situation of negligible risk to 
personnel or property* For these reasons a 25 year mean recurrence 
Interval may be used to determine the structural loading requirements for 
photovoltaic modules* Figures 8*4 and 8*5 show the wind speed and snow 
load, respectively, for a 25 year mean recurrence interval* Loads Imposed 
on structures due to earthquakes are assumed to be similar to those that 
have occurred in the past. As a result, earthquake risk zones have been 
developed and are shown in Figure 8*6* 

The following example illustrates the structural requirements imposed on a 
building* Similar requireatents will be necessary for P.V* hardware based 
on year mean recurrence Interval and desired markets* If a prefabricated 
building element is marketed nationally, it oust be capable of resisting 
the ultimate loading condition projected to occur within that market over 
the design life of the element* From the windloading map, it is clear that 
100 mph wind on the east coast is the maximum wind speed* The snow loading 
maximums occur in Maine and the highest risk zone for earthquakes occur in 
California, Montana, Alaska, and near the tip of Illinois* Preliminary 
calculations showed the east coast of Maine as the area that would 
experience the highest combined loading conditions* Alaska was excluded, 
due to undeterminable snow loading conditions* From the maps, the 
following ultimate loading conditions were taken for the realistic worst 
case, the east coast of Maine: 

Wind * 70 nq>h 

Earthquake > Zone 2 

Snow ■ 52 Ibs./ft^ 
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Figure 8.4 

Basic Wind Speed in Miles per Hour 
Annual Extreme Fastest-Mile Speed 30 Feet Above Ground, 
25-Year Mean Recurrence Interval 






Figure 8. 5 

Snow Load in Pound-Force per Square Foot on the Ground, 
25-Year Mean Recurrence Interval 














ocher tcruccural lo«d« pieced on « bulldiog end/or building eleaenc ere 
beeed on eddicionel live loeding conditions specific Co Che epplicecion 
of Chet building or eleaenc end Co Che deed weight of Che asCeriels. In 
order Co enelyse Che ii^ecc of these ulCisMCe loeding conditions, it is 
necessery to identify Che swceriels end the epplicecion. 

The scruccurel requiretsenCs for photovolceic aodules ere besed on Che 
essuapCion Chet their aerket be restricted to Chose loceCions with 
coabir.ed structure! loeding conditions equel to or less Chen chose 
experienced in Bengor, Heine. It wes elso necessery to essuae e Cypicel 
composite of aeteriels for Che photovolceic module. A photovolceic 
aodule consisting of e 0.12S** (3 na) teef «red gless superstreCe, 0.080" 
PVB or EVA encepsuletion end e 0.06" ayler beck cover wes chosen besed 
on Che essuapCion Chet it is Che most sCrucCurelly restrictive coapoeiCe 
of Che cendidete co^Msices, es well es one of the aost cost effective 
co%.posices identified. Ordinery sode*liae window gless wes not 
eddressed on the grounds Chet it would not aeeC code requirements eC eny 
thickness. 


e 


8-22 


FTfotB>nc« R«quir— •oti 


Th« parforaaace r«quir«Mntd of a cooponent, alaaont or dovica aro those 
oscstaary for It to fulfill Ita lateaded function, within the context of 
ite use, and its design life* Any eleaent located on the exterior of a 
building may be required to perform aoy or all of the functions listed In 
Table 8.8* (See Page 8-24) 


Any element located between the exterior and interior of a building may 
also be required to perform any or all of the functions listed in Table 8.7 
as well as Table 8*8* 


Table 8*7 

To control passage of Insects end vermin 

To control passage of plants, leaves, roots, seeds and pollen 

To control passage of dust and inorganic particles 

To control passage of heat 

To control passage of sound 

To control passage of light 

To control passage of radiation 

To control passage of air and other gases 

To control passage of odors 

To control passage of water, snow and ice 

To control passage of water vapour 

To control condensation 

To control generation of sound 

To control generation of odors 
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Table 8.8 


To resist in one or more directions due to: 

compression 

tension 

bending 

shear 

tors? ofi 

vibrations (or any other type of stress which may induce fatigue) 
impact 

abrasion (indicate, for each particular case, the type of wear) 

shrinkage or expansion 

creep 

dilation or contraction due to temperature variations 

To control passagi ./f fire, s.ioke, gases, radiation and radioactive 
materials 

To control sudden positive or negative pressures due to explosion of 
atmospheric factors 

To avoid generation of toxic gases and fumes in case of fire 
To avoid harbouring or proliferation of dangerous micro-*organisms 
To have acceptable appearance 
To avoid promotion of plant growth 

To avoid discoloration due to biological, physical or chemical action 
To avoid all or part of the internal structure showing 
To avoid dust collection 

To have specified minimum life, taking into account cyclic factors 

To resist damage or unauthorized dismantling by man 

To resist action of animals and insects 

To resist action of plants and micro-organisms 

To resist action of water, water vapour or aqueous solutions or 

suspensions 

To resist action of polluted air 

To resist action of light 

To resist action of radiation (other than radiation of light) 

To resist action of freezing of water 

To resist action of extremes of temperatures 

To resist action of airborne or structure-borne vibrations, shock waves or 

high-intensity sound 
To resist abrasive action 

To permit partial or complete dismantling and reassembly 

To perform required functions over a specified range of temperatures 

To perform required functions over a specified range of atmospheric 

humidity 

To perform required functions over a specified range of air or liquid 
pressure differentials 

To perform required functions over a specified range of joint clearance 
variations 
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Haodliog/Transportation 

[ Handling places limitations on a product based on transportation, site 

erection, and factory production in the sense of moving a component from 
place to place within a factory. The capacity of cranes and lifting 
devices within the factory seldom affect the dimensions of a building 
element or component. Restrictions on size are much more often the result 
of transportation or site erection limitations. 

The Federal Transportation Commission (FTC) of the United States recently 
increased the weight limitation for major arteries from 72,000 pounds to 
80,000 pounds maximum for the truck, trailer and load combined. A typical 
truck and trailer weighs approximately 24,000 pounds empty leaving roughly 
a 48,000 pound load capacity. The maximum allowable width of a truck or 
trailer is 8'-0”. Standard trailers vary in height up to 12 '-6*'. The 
average height of the floor of a trailer from the road surface is 4* -3" 
allowing approximately 8 '-3" from the floor to the top of the trailer. The 
standard length of a trailer varies from 22'-0” to 45'-0". "nie largest 
panel size which could be carried in a trailer is approximately 8'-0” in 
width by slightly less than 45*-0" in length, or approximately 360 square 
feet. If these panels are packed six inches apart, one tractor trailer 
could carry 15 panels or approximately 3,400 square feet of panels weighing 
a total of 15,000 lbs. It follows that three trailer trucks could carry 
enough panels to construct a 15,000 square foot array with 600 cubic feet 
of space left over for any additional mounting hardware. Most states allow 
trailer widths of 14 '-0” and lengths of up to 70 '-O'* for mobile homes 
provided they are clearly marked “wide load” and accompanied by another 
vehicle warning other vehicles of the presence of the “wide load". If we 
can assume equal consideration would be given to the transportation of 
photovoltaic panels, a specially designed trailer could carry an entire 
photovoltaic array (15,000 square feet weighing approximately 40,000 lbs.), 
if it is found economically favorable. 

Site erection limitations, for the most part, are based on the lifting 
capacity of the machinery found on the job site. Most larger commercial 
buildings warrant the use of a tower crane capable of lifting 24,000 pounds 
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at a maximum reach of 90 feet. Photovoltaic panels range in weight from 
approximately 2**15 pounds per square foot. Since the largest easily 
transportable panel is roughly 320 square feet, the lifting capacity of the 
crane required is only 640-4,800 pounds (far less than the 24,000 pound 
capacity). 

Size, however, may be a problem with respect to the wind resistance of 
large panels during erection, requiring special guying precautions and/or 
good weather allowances for erection* 

Of equal importance are the limitations placed on handling by module 
replacement operations, when tower cranes are no longer on the site. Very 
often replacement of modular building components must be accomplished by 
hand. The lifting capacity of an individual is between 50 and 60 pounds 
while a comfortable hand-to-hand grip span is between 36 and 40 inches. 

It follows that the lifting capacity of t%ro individuals working simultane- 
ously is between 100 and 120 pounds while no dimensional limitations are 
required for a comfortable hand grip. A 4' x 5' module weighing less than 
6 pounds per square foot would satisfy the 120 pound weight restriction and 
could easily be installed or removed by hand employing a two man crew. A 
typical 1/8'* thick glass module weighs approximately 2.3 pounds per square 
foot. Size and weight of a module may be increased under different 
repair/replacement scenario* In other words, if replacement were made only 
when a large number of modules were in need of replacement, a crane or lift 
could be justified. This would permit the use of modules which cannot be 
handled by one or tm men. Similarly, if mechanized maintenance hardware 
is installed with the array, larger modules may be used. 

The module replacement implication coupled with the desires to maximize 
panel size lead to the logical conclusion that the panel may be a permanent 
installation while the modules are easily replaceable by a small one or two 
man crew without the aid of heavy equipment. This is a standard building 
industry practice* 
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Geometry Requirements 


The geometry requirements define the proportional system governing the 
relationship between the two adjacent sides of a module, the relative size 
or area of one module to the next, and/or the sequential order of position 
or placement of modules of varying sizes* This is achieved by proportional 
enlargement or reduction systems* Four systems of proportional variation 
have been reduced to numerical series based on proportional growth found in 
nature* These include repetitive growth, additive growth, multiple growth* 
and exponential growth* 

Relative to the current status of photovoltaic ir/>^*ules, the relationship 
between the two adjacent sides of the modules is limited to a repetitive 
series or a multiple series. The relative size between modules or between 
panels is strictly repetitive as is the sequential order between them. 

This lack of geometric diversity presently exists in most industrialized 
building elements as well, but as the potential for visual relief increases 
as the market for industrialized building elements matures, the demand for 
geometric diversity of photovoltaic modules and panels will also increase. 

The geometry of sloped roofs of buildings is also important to the geometry 
requirements, but it is often overlooked due to the fact that few inclined 
roof surfaces are modular* Current practice within the building industry 
is to special order or cut to fit roofing materials for inclined surfaces* 
The materials used by the coninercial building industry for sloped roofs 
include various types of shingles and rolled metals and other similar 
materials which allow a variety of slant heights by trimming excess 
material. Since photovoltaic panels cannot be triniaed, it is not possible 
for photovoltaic modules to maintain the same dimension as the trimmable 
materials currently used for roofing if three dimensional order is to be 
maintained* To maintain geometric integrity with the plan view module, the 
slant height of the photovoltaic module must vary proportionately so that 
the plan view dimension of both modules is equal. The relationship of the 
slant height to the planning module is the secant of the angle formed 
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between the two modules* This consideration is Important when the PV array 
must Integrate with the building structural system directly, such as In the 
case of an integral array* 

Although three-dimensional modularity within a building is an optimal 
result, it is seldcmi necessary* It is necessary, however, to maintain 
integrity between the horizontal dimensions of the wall and roof panels* 

The planning module establishes this dimension* Planning modules of either 
4'x4* or 5'x5' are typically used to generate commercial buildings* It 
follows that a module nominally sized to 4'x5' could satisfy both of these 
dimensions* In order to accommodate variations In slope and slant height, 
one or more of the following dimensional modifiers must be employed: 

* Install filler panels at the top and/or bottom of the array Ignoring the 
modularity of the Individual components* 

* Design the horizontal joints to vary with the slope by Increasing the 
width of the joint and/or Joint material* 

* Install filler panels • between each module or panel* 

* Vary the size of the module by Increasing or decreasing the length of 
the substrate and superstrata without changing the dimensions of the 
electrical module* 

* Standardize the slopes used, choosing one or two dimensions that satisfy 
the resulting slant heights. 
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Joints 


The perfornance of an element depends on the performance of its joints as 
well as the performance of the components it joins* The performance of a 
joint depends on its location, material composition and form, and the 
external forces to which it is subject. The material composition and form 
of the joint are dependent on the external forces acting on the joint. 

These forces are determined by the location of the joint. Therefore, the 
functions required of a joint are to a large extent determined by the 
location of the joint. When the location Is known, the joint may then be 
designed to fulfill the requirements of that location* Location can be 
divided into location within a particular microclimate, within the 
building, and within or between building components. For example, a joint 
in an industrial atmosphere will be required to withstand the chemical 
pollutants of such a microclimate while a joint located in a "clean** 
atmosphere, removed from industrial centers, may have less stringent 
requirements placed on it* The location of the joint within the building 
will determine the exposure of the joint to the microclimate inside or 
outside the building. The location of the joint within or between two 
components of a building affects the required compatibility between the 
Joint and the cooqionents being joined with respect to material conqtosition 
and shape. 

Combining all locational requirements, a list of possible functions of 
joints was developed the International Standards Organization and is the 
combination of Tables 8.7 and 8.8* 
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The principle concerns with joints In relation to modular construction 
lie within the physical constraints of the gap between adjacent coiq>o*‘ 
nenta, normal to the plane of the building surface, and the geometrical 
relationship between the structural and architectural components* The 
functional attributes of a joint will Identify the possible locations of 
that joint with respect to the building surface* 

The joint becomes critical when dealing with prefabricated building 
components* Joints are an absorber of error associated with the 
manufacturing of a product and the construction of a building. It Is, 
therefore. Important for the designer of building components to 
thoroughly understand joinery and allowable tolerances* The following 
section will describe tolerance requirements In the building Industry* 


Tolerance Requireawnf 


Tolerance, as it relates to the building industry, is the allowable degree 
of inaccuracy, by design, for the manufacture and installation of a 
building component, element, and/or the overall building system. Tolerance 
requirements are necessary because nothing can be manufactured and 
assembled with absolute precision. Until the development of modular 
building systems, "known" tolerances were not critical to the design of 
industrialized building products, since these tolerances could be absorbed 
by the material surrounding the component. Modular building systems, 
ho%iever, place industrialized components side by side, forcing the 
tolerances of the adjacent components to be absorbed by a joint between 
them. 

Tolerance requirements for building elements are based on manufacturing 
inaccuracies, thermal expansion of materials, installation inaccuracies, 
and joint tolerances. 

. Tolerances based on manufacturing inaccuracies are coianonly termed size 
tolerances. These may be a function of machinery capabilities, or 
deviations inherent to the type of processing or the number and size of 
components necessary to form a building element. 

. Tolerances required to allow thermal expansion and contraction are a 
function of tb'; properties of materials, and components of those 
materials used. These tolerances must be used to design a component or 
element that will permit erection with the expansion joints alisost fully 
open in cold weather and nearly closed in hot weather. Table 8.14 shows 
the comparison of coefficients of thermal expansion for four materials 
commonly used in the construction industry and the actual maximum 
expansion of these materials over 48", 60", 96" and 480". 


1 

! 


Table 8.9 


Material 

Expansion Coefficient 
( Inches/Inch/ *F) 


Expansion @ 400 

! 

48" 

■EQfli 

96" 

wmm 

Lucite/Lexan 

0.0000390 

0.75" 

0.94" 

1.50" 

7.50 

Aluminum 

0.0000129 

0.25" 

0.31" 

0.50" 

2.50 

Steel 

0.0000630 

1.21" 

1.51" 

2.42" 

12.10 

Float Glass 

0.0000050 

0.10" 

0.12" 

0.20" 

0.96 


I 


I 

i 



) 

I 


} 


. Installation tolerances are due to the squareness and plumbness inac- 
curacies associated with positioning a building component or element. A 
commonly accepted, rule of thumb, value for these dimensions is roughly 
0.78 Inches (20 mm) over the length of a room or a bay. The fallacies 
with this standard lie with its lack of regard for the component size 
and the variations In room and bay sizes. A more logical system for 
determining these tolerances Is based on the size and common fastening 
procedures required by the specific conq>onents. Listed below are 
standard tolerances, based on this system, which are accepted by the 
commercial/industrial building Industry. 

Excavation 

Concrete Foundations 
Masonry Work 
Windows < 6'-0” 

Windows > 6 '-O’* 

Door Hardware 

. The joint tolerance is entirely a function of the design of the 
framing system. The joint tolerance is also commonly referred 
to as the gap. The maximum and minimum gap widths are deter- 
mined by the performance requirements of the joint. The width 
of the gap may vary from 0 to 30 mm but rarely exceeds 3 mm. ^ 


“ +0.2 feet 

“ +0.25 Inches 

■ + 0.06 Inches 
« +0.06 inches 

■ + 0.125 inches 
• + 0.015 Inches 


^ Joints in Buildings. Bruce Martin, George Godwin Limited, London, 1977* 
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The Installation of glass photovoltaic nodules Into a panel or glass panels 
Into an array nay utilize procedures similar to the Installation of a 
typical glazing system. It follows that the tolerance requirements for 
typical glazing systems may also be used for glass photovoltaic modules 
and/or panels. 

Two categories for attaching glass panels to buildings are presently used. 
The first category employs factory applied channels to frame the glass. 
These channels act as an Intermediate between the glass and the structural 
support. The second category merely requires a frameless glass 
module/panel to be attached at the site utilizing common glazing 
techniques* Each of the two categories would require a different set of 
tolerances for sizing a glass module , resulting In varying maximum and 
minimum size for their glass If both are designed to fit the same nominal 
dimension or modular plane. Figure 8.7 Illustrates the process used to 
determine the overall system dimension. 

The development of tolerance requirements Is essential to determining the 
size of photovoltaic modules and panels. These tolerances are the primary 
modifiers necessary to determine the actual size of photovoltaic modules 
and panels from nominal dimensions. Required tolerances will vary In 
accordance with the manufacturing tolerance associated with the materials 
and processes used to assemble a panel, variations In thermal expansion 
between the photovoltaic panel and Its support framing. Installation 
Inaccuracies, and the minimum gaps required by the particular framing 
system used. 
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ItotfuUr plwits 


I. ModuUr tpacc (b«»lc tlx«) 


2. ModuUr sIm 


3. Minimum 9 «p$ 


k. Position toloronco 


5 . Minimum deduction- 


6 . Maximum size 


7 . Manufacturing tolerance 


8 . Minimum site 


9 . Maximum deduction 



APPLICATION OF THE SYSTEM OF TOLERANCES TO A HODUUA CONPOUEIJT 


Figure 8*7 


8*6 PHOTOVOLTAIC HODULE AND PANEL SIZE AND SHAPE 


Photovoltaic modules and panels and array mounting hardware cannot be 
designed independently* The dimensional and tolerance requirements must be 
considered simultaneously for the system is a unit. For example, a common 
glasing system may be used as a mounting system for a PV array with a 
requirement for 3/4" of bare glass on the PV module edges; but currently no 
such module exists, as the two have been designed independently* Again, 
the need to understand the industry which will be the end user of PV 
modules arises* 

Based on the previous discussions, a iDOdule with 4* x S' nominal dimensions 
provides the greatest flexibility in its ability to interface with standard 
building structural systems and dimensions* It is important to note these 
dimensions are nominal and not absolute ; actual dimensions of the module 
will depend on the specific design of the mounting hardware, module to 
module interface and panel requirements. 

A specific panel size Is more difficult to define* As seen above, the 
maximum panel size is based on shipping and handling and is limited to 
8* X 40* when using conventional trucking techniques* This provides the 
manufacturer with a wide range of possibilities ** 4' x S' to 8' x 40' 
panels* It will be shown in Section 11 that there is an optimum panel size 
based on installation costs* However, the architect irould hope for a 
broader range of panel sizes or flexibility in the panel internal joints to 
give the illusion of smaller panels* This flexibility is necessary as size 
and scale of the building and its skin define the building aesthetic* In 
order to eliminate the need for the manufacturing of many different panel 
sizes, care must be taken in the proper design of the intra^panel joints* 
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SECTION 9 

ECONOMIC CONSIDERATIONS 


9*1 INTRODUCTION 


The economic concerne in this section will be characterised by a 
qualitative approach as opposed to that of a more specific, quantitative 
methodology. An extensive economic analysis has been performed (Research 
Triangle Inc. - Application Analysis and Photovoltaic System Conceptual 
Design for Service/Comnercial/Inst itutional and Industrial Sectors ) in a 
previous study, with several generalizations resulting* Most important 
among these economic conclusions were: 

1* Achievement of DOE array cost goals is necessary to make 
applications in the SCII sector viable.^ 

2* Increasing system efficiency to 15X or more would be very 
significant in increasing viability. 

3* Economic viability is highly dependent on the rate of escalation 
of conventional electricity as compared to the general inflation 
rate* 

It can be noted that economic viability in the comnercial/industrial sector 
relies heavily on predicted, future technical performance and the 
accompanying cost reductions. Coupling these two potential accomplishments 
with a correct interpretation of the present economic indicators, an 
accurate economic feasibility study might be possible. Based on proprietor 
ownership (as opposed to utility ownership) the above mentioned study found 
that economic viability for a high school (SIC 82) may occur anytime from 
the year 1978 to 2010, depending on which combination of economic variables 
is chosen. It is not the intention of this study to attempt to verify or 
refute such a determination. Instead, relevant economic topics are 
presented and discussed such that a more complete understanding of their 
potential influence on the future economic viability of photovoltaic power 
generation in the commercial/industrial sector can be attained. Among 
these topics are: insurance; depreciation; tax deductions related to 

purchase, operation, maintenance; and utility rate structure. An actual 
quantitative comparison is presented in Section 11 where cost data relevant 
to material and labor installation costs are presented* 


^ SCII: Service, Coinnercial, Institutional, and Industrial sectors 

which consumes approximately 2/3 of the electricity generated* 
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9.2 INSURANCE 


The queetlon of Ineurence for Che poceaclal conowrclel (end reeidentlei ea 
tMll) phocovolcaic uaer la acill lauch unanamred. Esaencial to the 
developawnc of prealuna In the Inaurance world la precedence. With an 
extenalve data baae, acaclatlcal lofonaaclon la available cuch chat undue 
rlak la avoided In underwriting a policy. Such acaclatlcal reaourcea 
llkewlae offer Che Inaured a fair premium aa defined by the Inherent rlaka 
Involved with Che uae of a photovoltaic power ayacem. However, with Che 
lack of Information concerning actual In-fleld performance of auch ayatema, 
Che preaent atate of affaire In Che Inaurance world can isoac effectively be 
deacrlbed aa uncertain. 

Of Che varloua companlea contacted with regard to aolar photovoltaic 
ayatema Inaurance, only one waa capable of addreaalng any of the concerna. 
The vaat majority of Inaurance co^>anlea were unable to reapond to related 
queatlona with any apeclflca whataoever. For cheae companlea, the word 
’’aolar*' evoked a cautloua apprehenalveneaa cauaed by the lack of certain 
eatabllahed pollclea. To date, no eatabllahed policy haa been created auch 
that underwrlcera are capable of referring to a written document In aearch 
of anawera pertaining to the coverage of theae ayatema. In general, the 
approach to policy writing la characterized by a "wait and aee” attitude. 

Thla attitude la appropriate In two aenaea. Flrat, until theae ayatema are 
Inatalled, a lack of performance Information will lead to a policy written 
aa an endoraement to an exlatlng policy. The coat of the ayatem will be 
added to the worth of the exlatlng property, and an appropriate premium 
eatabllahed. Secondly, thla "wait and aee" attitude la appropriate not 
only for enplrlcal data accrual, but for competitive policy trenda aa well. 
Aa mentioned prevloualy, one coiq>aiiy contacted haa written a apeclfic 
policy guideline with regard to an all-rlak coverage for aolar energy 
ayatema. It la thla type of free‘*market precedence In the Inaurance world 
which will Initiate eatabllahed, written pollclea for aolar ayatem 
coverage. Thua, It appeara that aufflclent Impetua la beginning to aurface 
which will direct the Inaurance companlea to a co^rehenslve ayatem 
coverage. 

A pioneer In the Inaurance field with regard to aolar thermal ayatem 
coverage la St. Paul Fire and Maine Inaurance Company In St. Paul, 
Hlnneaota. The following la a acr-ea of queatlona and anawera related to 
the policy aa preaented In a fact aheet aupplled by St. Paul 'a region&l 
underwriting manager for commercial property. Hr. Roger P. Carlaon: 
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np POOR 


Tilt Si. fttti Solar toorgy SyolMi Policy 
Poet SliOtt 

Wliit io Ibo Solar Energy Sytfto Policy? 

It ii a Sroad» olWiak yolicy Socignad to ioourt agaioat yliyaical lots of 
or daaagt to tha cosyonants of a coaMrcially-aayloyad aolar aaargy ayttaa. 

Wiat ia ita Satie coaaraga? 

Va*ll covar tha iaaurad*t aolar aaargy ayttaa includiag but aot liaitad to 
col lac tor aaita or davicat. conductor yanalt. boat irantfar and aachange 
•achaniaat. yli^iag, yiping, duct vorkg circulating aadiua« control and 
aafaty davicat» aod atorage imita. 

What it aacludad froa covarate? 

— Lott or daaagt froa vaar aid taar, gradual datarioration» catraaaa in 
taayaratura. and ataotphcric or cliaatic conditions. 

— Lott or daaagt froa diacoloration» datarioration, or corrosion of aolar 
absorption panel t. 

— Lott or daaagt due to inherent rice. 

— Lott or daaagt dut to any dithonttt and/or illegal act on the part of the 
insured or any others to idioa tha property aay be antruatad. 

What it unique about the policy? 

The St. Paul Solar Energy Syttea Policy it a pioneer in its field. Designed 
specifically to cover tolar inttallationt, it picks up uhere aore liaitad 
coaaercial property policies leave off and treats the aolar energy aystea at 
a separate entity requiring apecialirad coaprehentive coverage. The St. 

Paul Solar Energy Cquipaent Protection can be ifrittan either at a aaparate 
policy or at an andorteaent to an existing policy. This approadi paraits 
The St. Paul to insure the aolar energy aystea vithout having to insure the 
rest of the property at vail* 

What perils are covered? 

Clast breakage 

— Water daaage to the aystea 
— Leakage and/or overflou daaage to the aystea 
— Mechanical braakdovn 
— Collapse of the absorbing surface 
flood and earthquake 

Does the policy apply to both passive and active tyttans? 

Tat, and insurance protection is not restricted to nev units planned for ntv 
construction projects. Coverage includes existing aysteas and neuly 
installed aysteas in existing buildings. 

Who qualifies for coverage? 

Every covercial property idiich utilises aun-ganerated pouer for its priaary 
or aupplaaentary hsating/cooling aystea eould quality. 

Where is the policy available? 

The policy is nou being filed vith state insurance departaents. Xt vill be 
available through independent agents representing The St. Paul in all states 
ucept Mississippi » Texas and Hawaii. 
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The following Is additional inforoatlon based on a phone conversation with 
Nr* Carlson: 


The above mentioned policy applies not only to solar-thermal systems 
but solar-electric systems as well; provided that the additional costs 
of the system are registered with the company. This policy holds for 
all standard buildings and content. It was emphasized that a common 
approach may be to write a coverage for the system with two exclu- 
sionary Items: mechanical breakdown and electrical energy. The area 

of mechanical breakdown would refer to additional elements In the 
system which are extraneous to the collector or array. This might be 
analogous to that of a separate policy being written for a boiler/ 
heating system In an Insured building. 

In the case of electrical energy coverage, such an item as the battery 
storage might qualify. Because of the potential hazard associated 
with Improper lead-acid battery venting, certain precautionary action 
would be needed before coverage could be established. Among these 
requirements might be a separate, totally enclosed battery storage 
room, coupled with an approved ventilation system. At this point In 
time, however. It was felt that the electrical energy generated by a 
photovoltaic array offers no greater danger than the electricity which 
is supplied by conventional generation techniques and means . 

Due to the lack of quantitative, statistical data on the performance 
of photovoltaic arrays, most of the information that St. Paul has thus 
far relied upon Is available in trade journal publications and other 
sources which are readily available to the general public. The policy 
Is written as a multiple-peril form, and some of the factors affecting 
the premiums are: 

1. Building 

2. Location 

3. Occupancy 

Concerned with the Building Category are such Items as fire exposure 
(nearest water supply, construction type, etc.), extended coverage 
(hall, snow load, and five other indigenous phenomena), and all-risk 
exposure (earthquake, flood, criminal activity, etc.). Mr. Carlson 
remarked that the NFPA's (National Fire Protection Association) 
National Fire Code supplies them with much of their Information 
concerning codes and standards. Their policy regarding potential 
damage due to hail relies heavily on the slant angle designed for the 
collector. It Is felt that an angle from the horizontal oi more than 
45** reduces the chance of hall related damage to essentially zero In 
any region of the country. 


In summary, the St. Paul policy appears to be a pioneering effort In the 
area of Insurance coverage. As the market develops, the need for Insurance 
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will concurrently increase, and In most likelihood, policy revision will be 
prevalent* The evolution of events surrounding market penetration will 
have significant effect on the ability of the potential user to locate 
reasonably priced insurance policies* As stressed previously, performance 
history will play a major role in establishing the underwriting of neces- 
sary insurance coverage* The development of standards for the use of 
photovoltaic arrays and the resulting code adoption and testing will help 
alleviate the chance of early failures in the field* This in turn will 
keep the insurance costs low, helping to reduce the life-cycle costs 
associated therein* 

It should be noted that any insurance costs associated with photovoltaic 
systems in the commercial/industrial sector are a deductible business 
expense* This does not apply, however, to amounts periodically credited to 
a reserve for self-insurance equal to the estimated premiums that would 
have otherwise been paid to an insurance company* 

9.3 TAX DEDUCTION* 

There are certain tax deductions which may accompany the purchase and use 
of a photovoltaic system in commercial applications* The amount of the 
various tax deductions will depend on such factors as: 

* Type of business (corporate or private) 

* Location (municipality and state) 

* Amount of annual profit (dictating tax bracket) 

* Size of system (determining: annual power output, maintenance 

costs, operating costs) 

* Interest attached to the borrowed capital (if any) 

. Salvage value 

* System useful life (obsolescence Included) 

* Method of determining depreciation (e*g., straight-line, declining 
balance, sum-of-the-years-digits , etc*) 

* NOTE ; Changes in the tax code will influence the consideration outlined 
in this section* The reader must review current tax laws* The 
Recovery Tax Act of 1981 is not addressed* 
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This Is not a comprehensive listing; however, it should offer an idea of 
the complexity involved in determining an actual quantitative amount 
associated with tax deductions* Some of the more important deductions will 
be highlighted and discussed as they apply to solar photovoltaic systems* 

I* SIZE OF SYSTEMS 

A* Maintenance 


The Internal Revenue Service differentiates between a "repair” and 
a “replacement" in the following manner: 


Repair ; Repairs do not add to the value or utility of the 

property, nor do they appreciably lengthen its life* 
They merely maintain the property in an ordinarily 
efficient operating condition over its estimated useful 
life for the purposes for which it was acquired* The 
cost of repairs, including labor, supplies, and certain 
other items, is a deductible expense* 

Replacements ; *.*may not deduct the cost of a replacement that 
stops deterioration and appreciably lengthens the 
life of the property* 


The following is a list of certain array failures which would 
require corrective action qualifying as a repair ; 

1 * Disconnected leads 

2* Mounting failure (collector building interface) 

3* Internal shorting of cell (due to cracking) 

4* Broken glazing 

5* Collector failure which Jeopardizes lifetime drastically 
(general) 


Similarly, developments most likely to qualify as being of the 
replacement type: 
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1* U*V* Degradation of components 
a* Glazing 
b. Cell 

c* Pottant/bondlng material 
2* Environmental alteration of glazing 
a* Crazing 
b* Scratching 

A photovoltaic array offers potential for discrepancy In catego- 
rizing certain procedures as either repair or replacement, as 
defined by the IRS* For example. If a module In a series or paral- 
lel string has been adversely affected by what would be considered 
"normal conditions", then according to the above definitions, a 
coaq>ensatlng action might be considered as a replacement, and thus, 
not a deductible expense* However, this affected module might 
appreciably alter the array output; and without proper corrective 
action, the collector is not maintained "in an ordinary, efficient 
operating condition"* Thus, the action should be classified as a 
repair and a deductible expense. This type of problem will most 
easily be handled by those trained In such areas of taxation* 

B* Operating Costs 

The Internal Revenue Service states: 

"Heat, light and power are ordinary and necessary expenses 
common to almost all businesses* You may deduct the full 
amount of these expenses If paid or Incurred In carrying on 
your trade or business*" 

Because the photovoltaic system produces electricity, the 
displacement of this ordinarily Induced expense results in a lower 
tax deduction for the user. This may adversely affect the 
life-cycle cost of the system* 
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LOCATION OF SYSTEM 


The location of the photovoltaic application is quite important in 
determining the magnitude of the following deductions* 

A. Property Tax 

Ordinarily, you may deduct all taxes imposed on real property. 
Thus, the higher assessment and resulting Increase in property tax 
that a particular structure and/or property (utilizing a photo- 
voltaic power system) would experience can be considered as a 
deduction, thus helping to retrieve a portion of the additional 
capital outlay. The size of this deduction would depend on: 
initial cost of system, assessed value of property with the system 
as opposed to without the system, rate of taxation (usually in 
dollars per thousand dollars assessed value) , and the tax bracket 
of the owner. This is an annually reoccurrlng cost. 

B. Sales Tax 


Sales tax Imposed on sales of property or services at retail and 
measured gross sales price or gross receipts may be deductible. 
The magnitude of this sales tax is based on the state and/or 
municipality for which the sales tax is imposed. In the United 
States, this sales tax could range anywhere from zero to eight 
percent. Considering the high initial cost of photovoltaic 
systems, this range of taxacion could have some impact on the 
first year's cash flow determination. This initial tax-related 
cost and the resulting deduction should not play a major role in 
the life-cycle cost analysis or any other technique used in 
determining economic viability. The amount of the tax deduction 
due to the sales tax will depend on: cost of system, rate of 

taxation (if any), and the tax bracket of the owner. 

It appears that in these above-mentioned economic factors lie a 
great potential for state and local government to assist in the 


establishment of photovoltaic power systems In the commercial/ 
Industrial sectors* The potentially high Initial Investment 
associated with systems of the size required In this sector could 
lead to substantial Increases In property value assessment and, 
therefore, high property and sales taxes. Tax breaks In these two 
areas would help lay>rove the economic attractiveness associated 
with photovoltaic systems. Care must be taken, however. In the 
use of the federal, state, or local programs that subsidize 
financing, as Section 203 of the Crude Oil Windfall Profits Tax 
Act of 1980 prohibits so-called "double benefits". Reduction or 
elimination of the Federal 40 percent tax credit will occur If 
such subsidized financing Is utilized for some renewable energy 
source expenditures. A closer examination Is required when such a 
situation exists. 

9.4 UTILITY RATE STRUCTURE 


In any analysis concerning the economic feasibility of photovoltaic 
systems, a most crucial variable Is the cost of conventionally generated 
power* This variable Is highly dependent on the location of concern. 

Recent data substantiates this {U.S. DOE Electric Power Monthly, July 1960, 
DOE/EIA-0226 (80/07)]: 

Geographic Variation of Rate : (Data for July, 1980) 

Conaaerclal Sector 40 KW (representative amount of consumption) 

10,000 KWH 

City Rate I$/KWH] 

Seattle, Washington 0*0163 

New York City 0.1164 

Out of a sample of 26 cities: MEAN ■ 0.064 $/KWH 

Sample Standard Deviation ■ 0.0195 $/KWH 
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Industrial Sector 50 KW (representative amount of consumption) 

200.000 KWH 

City Rate [$/KWHl 

Seattle. Washington 0*008 

New York City 0*0916 

Out of a sample of 26 cities: MEAN ■ 0*0466 $/KWH 

Sample Standard Deviation ■ 0.016 $/KWH 

As can be seen, the amount of variation between locations can be slgnlfl* 
cant* Typically. New York City will represent an upper limit on rates, and 
Seattle, with Its abundant hydro sources, will represent a lower limit* To 
use a mean rate for the particular sector (commercial or Industrial) would 
most likely result In either an overestimation or an underestimation of 
system viability based on the representative standard deviations* Approxl** 
mately 68Z of the sample in the commercial sector has rates ranging from 
0*045 to 0*084 dollars per kilowatt-hour; and likewise in the Industrial 
sector, the rates range from 0.031 to 0*063 $/KWH* This exhibits the need 
for specific data in determining system economies* 

This oversimplified presentation, however, overlooks many other critical 
factors. One of these factors Is the rate structure * The structure by 
which costs are determined varies significantly with the utility company 
and, therefore, the location. The inqplementatlon of a peak loading rate Is 
peculiar to location, and depending on such items as load profile and 
electrical storage, economic viability of photovoltaic systems may differ 
considerably among regions with the same “average" cost per kilowatt-hour 
as given In the above figures* 

The following Illustrates the complexities Involved in determining the 
worth of displaced utility company power when performing a life-cycle cost 
analysis of a photovoltaic system in the commerclal/industrlal sector* 

This Information was supplied by the Boston Edison Utility Company and Is 
for Illustrative purposes only* 
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The rate structure for the coone rc la 1/ Indus trial sector is primarily a 
function of demand* Boston Edison has established three categories: 

Classification G-1 ; Monthly demand is less than 20 KM 

Classification C~2 ; Service voltage is less than SOOO volts and 

monthly demand is greater than 20 KM 

Classification G-3 ; 14,000 volts nominal and customer furnishes, 

installs, owns, and maintains at his own expense 
all the protective devices, transformers, and 
other equipment required by the cootpany 

The rates experienced by the above users are determined from: 

. Demand charge (KM or .80 KVA from G>2 and G-3) 

. Energy charge (KMH) 

. Additional energy charge (1.40 cents/KWH for direct current energy in 
the G~1 and G-2 classifications) 

* Fuel and purchased power adjustment (applicable to all KMH) 

The demand charge for the user who is classified as G-2 is determined 
monthly over a 15 minute interval, while it's determined over a 30 minute 
interval if a G-3* Furthermore, this demand charge is a function of: 

. Utility rate classification (G-1, G-2, or G-3) 

. Time of the year 
. Day of the week. 

. Time of day 

* Amount of demand (a decreasing charge with increased demand after an 
initial fixed cost per classification) 

The energy charge is a function of ; 

* Utility rate classification 

. Amount of energy (decreasing charge with increased usage) 

. Time of year 
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It should be noted that an additional energy coat of 1.4 cents/KWS la 
levied In the G-1 and G**2 classes for purchase of direct current energy. 
This Bakes the displacement of direct current energy with photovoltaic 
systems that much more economically attractive. In the G>2 class there is 
also a 2X "primary credit" allowed to those users of only alternating 
current. Therefore, If a G-2 classified user can displace his DC require^- 
ment with a photovoltaic system, an inflated energy usage rate can be 
alleviated, as well as a 2Z reduction on the total electrical bill. 

The point should be made from these rate structure guidelines that the 
factors involved in determining photovoltaic life-cycle cost In the 
coBoiercial/lndustrlal sector are many and varied. An accurate determina- 
tion of such a cost relies on the appropriate, site-specific, utility rate 
structure. It is the existence of this type of complexity which Incurs 
substantial difficulties for the optimum system sizing for a particular 
application in this sector. Though other limiting factors may eventually 
govern this decision (e.g. , limited capital to Invest), any determination 
of life-cycle cost rests heavily on the above-mentioned service rate 
parameters. 

Furthermore, It should be realized that these rates are not static, but 
dynamic, time-dependent variables susceptible to the economic forces which 
act on them. These forces differ in make-up and magnitude depending not 
only on time, but place. The percent change In cost associated with 
electrical rates for 3 United States cities from July 1979 to July 19S0 
illustrates this dependence^. 

Commercial (40 KW; 10,000 KWH) 

City Percent Change 

Long Beach, California 54. 9Z 

Louisville, Kentucky - 2.4Z 


MEAN ; 19.0SZ 
Sample Standard Deviation ; 13.27Z 


1 U.S. DOE Electric Power Monthly, July 1980, DOE/EU-0226 (80-07) 
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Industrial (500 KUi 200,000 KMH) 

City Percent Change 

Long Beach, California 67.12 

Cleveland, Ohio ~ 0.52 


MEAN ; 25.972 
Sample Standard Deviation ; 18.532 

The wide spectrum of annual percentage change represented by the maxiisums 
and mlnioiums in these two sectors suggests a large nonuniformity in rate 
changes. This nonuniformity is further substantiated by the relatively 
large standard deviations accompanying these two sets of data. Predicted 
escalation rates, as supplied by the Department of Energy, supports this 
trend. The following Information gives the yearly range for the associated 
escalation prediction and the region for which it applies. 

DOE PREDICTED ESCAUTION RATES FOR ELECTRICITY 


Commercial 

Period 

Percent Increase* 

ReRion 


1980 - 1984 

5.42 

6 (maxs ) 



-0.672 

3 (min#) 


1985 - 1989 

1.422 

10 (maxs) 



-1.282 

1 (mine ) 


1990 - 1995+ 

1.092 

10 (max#) 



-0.792 

9 (mlru) 

Industrial 

Period 

Percent Increase* 

Region 


1980 - 1984 

8.942 

6 (max. ) 



0.632 

7 (min. ) 


1985 - 1989 

2.662 

10 (max. ) 



-1.742 

8 (min.) 


1990 - 1995+ 

1.892 

10 (max. ) 



-1.212 

2 (min.) 



! 


\ 


( 

I 

I 


*N0TE; 


2 increases are in addition to present rate of Inflation 
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First, it should be aentioned that the date set is characterised by ten 
regions, and that only the aax.f<nuB and ainiauas associated with the 
predicted escalation rates are shown* An iaportant factor ia not where 
these represented regions lie, but rather that they do not show aiqr trends 
in relation to escalation ratea* Only region 10 appears twice in both the 
coaaerclal and industrial sectors* This data laplies further that regional 
influences will play a significant role in deterainlng systea econoaics* 

Based on these three factors (rate, rate structure, and escalation rats), 
it becoaes apparent that specific site/systea/load analysis is needed 
before econoaic viability can be accurately deterained* An illustrated 
67*12 annual increase in rates could reverse an expected unattractive rate 
of return of an earlier econoaic analysis of a photovoltaic systea that was 
based on a lower, predicted escalation rate* If the analysis is based on a 
high, predicted escalation rate, a low or negative annual percent change 
could accordingly construct a scenario of reverse consequences* Though 
these factors are widely known as being iaportant econoaic consideration, 
it Bust be stressed that because the dlsplaceaent energy with photovoltaics 
is of a single type (electricity) and is highly alcro-^eographlcally 
dependent, then site and design specific details are essential to an 
accurate cost analysis* 

9*5 DEPRECIATION 


Depreciation is a tax deduction allowed by the IRS for an asset's exhaus~ 
tlon, wear and tear, and obsolescence* The property to be depreciated Bust 
have a useful life of owre than one year and **be used in your trade or 
business or held for the production of Incoae** (IRS Tax Guide for Saall 
Business)* It is also required that the asset not be depreciated below a 
reasonable salvage value under any aethod* The subject of depreciation of 
an asset is a trell'established one in the area of taxation* However, it 
does Involve concepts whose values are not easily deterained prior to 
iapleaentation, e*g* obsolescence and salvage value* This is especially 
true with new technologies for which there is an insufficient amount of 
eapirlcal data with relation to long-tera exposure of actual load 
conditions* 
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Obtolesccncc !• a concept tdiich conaldera the extent to xhich the expected 
uaeful life of the property will be ehortened by technological iaprove- 
OMnta, progreea in the arte, reaaonebly foreeeeeble econoaic chengee, 
ehifting of bueineaa centera, prohibitory lewa, and other ceuaee apart from 
wear and tear that dimlniah tiie value of the property or shorten ita uaeful 
life. Deteraination of the useful life is considered to be the first step 
in coaputing depreciation. The IRS saya, “No uaeful life for an itea ia 
applicable in all buslneasea. The useful life of any itea depends upon 
such things as the frequency with which you use it; its age When you 
acquired it; your policy as to repairs, renewals and replaceaents ; the 
cliaate in %ihlch it*s used; the noraal progress of the art, ecrionlc 
changes, inventions, and other developaents within the industry ani your 
trade or business." 

In well-established technologies the deteraliutlon of useful life is aade 
easier and with laore accuracy by the use of statistical data gathered on 
actual perforaance history. Such graphic tools as survivor curves and 
rctireaent-f requency curves allow for the accurate prediction of the 
asset's "service llfe."^ A series of such statistical analyses over a 
period of years would illustrate trends as to the lengthening or shortening 
of the "service lives”. 

These curves will be useful in the area of photovoltalcs as they will 
reflect retlreaents for all causes, not just deterioration. In the initial 
years due to the lack of such retlreaent data for photovoltaic systeas, the 
useful lives Bust be determined by other less specific criteria. It should 
be noted that "useful life" and "service life" are not the same, and that 
"useful life" as used In depreciation accounting is usually shorter than 
average "service life". 

It is said by the IRS that the useful life should be determined "on the 
basis of your particular operating conditions and experience." 

Additionally, for cases where there Is an Inadequacy of experience , "you 


^ Service life reflects the expected life of a specific component. 
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aay uae the general experience in the induatry until your own experience 
form an adequate baaia for oaking the detemination.” Therefore, it 
appeara that the initial photovoltaic aysteaa will be given a uaeful life 
aa aeen by the aanufacturers of the equipaent throughout the industry* A 
clear knowledge of the particular components used, and their performance in 
the environaent in which they are placed (baaed on past, analogous exposure 
situations and accelerated testing) should give a good indication of system 
life-time* This type of useful life prediction will have to be sufficient 
until the systeas have undergone actual exposure* However, a change in 
useful life during service is permitted, but only if ‘’change is signifi- 
cant, and there is a clear and convincing basis for re-deterainatioc*** 

This clause could play a significant role for early users of photovoltaic 
systems where actual life-times, due solely to the dearth of long-range 
performance data, have not been determined* 

Due to the nature of photovoltaic systems, the aiost costly element (the 
array) is exposed to the natural environment* The deterioration of the 
array itself will depend entirely on the severity of the conditions to 
which it is exposed in its natural surroundings (excluding the quality of 
the array's components)* Some of the factors affecting the type and rate 
of deterioration are: 

1* Amount of insolation striking the array 

2* Amount of precipitate (and type, e*g*, snow, rain, hail) 

3* Frequency, magnitu;:C; and relative direction of wind 
4* Mounting orientation of array (vertical, horizontal, etc*) 

5* Air pollution, including airborne pollutants, e*g* sand 
6* Vibrational stresses due to activity in close proximity to array 

Thus, it can be seen that the actual useful lifetime of the system (and the 
array specifically) depends highly on location. Even with careful design, 
it may not be possible or practical to consider a single accepted useful 
life for systeas installed randomly throughout the country* As information 
is gained and designers make the appropriate modifications, it may be 
possible for arrays throughout the country Co approach a uniform average 
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life; however, until then geographic considerations should play a part In 
determining useful life. Another factor used in depreciating accounting is 
salvage value, which is defined as, **the amount that you estimate will be 
realized upon sale or other disposition of an asset when it is no longer 
useful in your business or in the production of your income and is to be 
retired from service.** If the asset is used for the full inherent useful 
life, then the salvage value may be zero. However, if the asset is retired 
while in relatively good working condition, the salvage value may be 
considerable. It is most likely that a photovoltaic system would be 
purchased with intent to use the system continuously from the time of 
purchase until degradation of output and/or increase in operation and 
maintenance costs makes further use uneconomical. The relatively high 
installation costs associated with replacement would probably deter an 
early retirement of the system. The IRS does offer some assistance in the 
area of salvage value by allowing a reduction in the salvage value by any 
amount up to 10% of the full adjusted basis of the property when acquired. 
Photovoltaic systems would meet the greater than three year useful life 
requirement as stipulated by this clause. 

The subject of depreciation is an important concern in the establishment of 
economic viability for photovoltaic systems. This is due in part to the 
capital intensiveness associated with systems of the size required in the 
commercial sector. Most importantly, however, is the effect that 
depreciation has on economic attractiveness in periods of high inflation. 

It can be safely assumed that revenues associated with the use of 
photovoltaic systems (the cost of displaced, conventionally generated 
electricity) will remain responsive to inflation in the immediate future. 
Depreciation deductions, however, are not responsive to inflationary 
trends, as they are based on the original value of the system; as inflation 
increases, investment decisions become less attractive because depreciation 
is not fully recovered in real or constant money dollars. 

This is due to the fact that taxes are paid on a current money value basis. 
With a fixed deduction over the useful life of the system and an inflation- 
ary response of revenue, an overstatement of taxable income occurs; and 



after the remaining “profit" is deflated back to the time of the asset's 
purchase, the amount left is less than what the current money income would 
show. 

To counter this disadvantageous situation, the IRS needs to allow for rapid 
depreciation methods. This would improve the chance of getting more of the 
capital investment returned in money of purchasing power similar to that 
used to obtain the asset in order to reinvest it and keep pace with 
Inflation. There is presently an additional first-year depreciation in 
which 20% of the cost up to $10,000 may be deductible, or $2,000 maximum. 
The property qualifying for this deduction must have a useful life of at 
least 6 years. This additional depreciation allowance coupled with the use 
of a rapid method of depreciation (e.g. , the double declining balance , 
which is twice the straight line rate) would retrieve this Investment early 
in the life of the system and thus helping to combat this problem of 
depreciation and inflation. 

The potential for accelerated technical and economic obsolescence with 
photovoltaic systems in the next decade is high. This fear in most likeli- 
hood will act as a major deterrent to the potential user who sees himself/ 
herself not only as a pioneer, but a guinea pig as well. Unless specific 
economic advantage can be pointed out initially, this accelerated obsoles- 
cence potential will most certainly retard initial field Installations. 

This situation is somewhat analogous to the rapidly progressing technical 
trends exhibited by the electronics industry; specifically calculators, 
micro-processors, and conq>uters. The precipitous fall in price accooq>anied 
by an Improvement in quality does not lend Itself to an early Investment 
decision. This apparent problem will be augmented by the relatively high 
c. Itai expenditure required for such systems. Some form of government 
assistance is necessary in the early marketing thrust, as the rate of 
development will depend heavily on the performance of Installed systems. 
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least 6 years. This additional depreciation allowance coupled with the use 
of a rapid method of depreciation (e.g., the double declining balance , 
which is twice the straight line rate) would retrieve this investment early 
in the life of the system and thus helping to combat this problem of 
depreciation and inflation. 

The potential for accelerated technical and economic obsolescence with 
photovoltaic systems in the next decade is high. This fear in most likeli- 
hood will act as a major deterrent to the potential user who sees himself/ 
herself not only as a pioneer, but a guinea pig as well. Unless specific 
economic advantage can be pointed out initially, this accelerated obsoles- 
cence potential will most certainly retard initial field installations. 

This situation is somewhat analogous to the rapidly progressing technical 
trends exhibited by the electronics industry; specifically calculators, 
micro-processors, and computers. The precipitous fall in price accompanied 
by an improvement in quality does not lend itself to an early investment 
decision. This apparent problem will be augmented by the relatively high 
capital expenditure required for such systems. Some form of government 
assistance is necessary in the early marketing thrust, as the rate of 
development will depend heavily on the performance of installed systems. 


SECTION 10 


BUILDING OCCUPANCIES 


10.1 INTRODUCTION 


Buildings addressed within building codes are broken down according to 
categories of use. Building codes refer to a number of separate use 
groups which have different safety requirements. These classifications 
are: 


BOCA BASIC BUILDING CODE 1981 EDITION 

SECTION 30U USE GROUP CLASSIFICATION AND GENERAL: 


ALL BUILDINGS AND STRUCTURES SHAU BE CLASSIFIED WITH RESPECT TO USE 
IN ONE OF THE USE GROUPS LISTED BEL0N« 


1* USE GROUP A 
2 * USE GROUP B 
3* USE GROUP F 
4* USE GROUP H 
5* USE GROUP I 
6* USE GROUP M 
7* USE GROUP R 
8- USE GROUP S 
9* USE GROUP T 


ASSEMBLY 

BUSINESS 

FACTORY AND INDUSTRIAL 

HIGH HAZARD 

INSTITUTIONAL 

MERCANTILE 

RESIDENTIAL 

STORAGE 

TEMPORARY AND MISCELLANEOUS 


Figure 10.1 expounds upon these Use Group classifications, giving typical 
examples of each and correlating each Use Group classification to the 
nomenclature of both the ICBO Uniform Building Code and the SBCC Standard 
Building Code . 

When analyzing a Use Group for potential PV utilization, dozens of 
concerns must be considered. In previous studies concerns have centered 
on economic and electrical considerations only. Through the review of 
those concerns, which must be considered as crucial design criteria for 
the PV array design professional, top prospects for early utilization of 
photovoltaic modules and arrays have been identified. 

A review of Use Groups based on economic and electrical-usage- 
compatibility considerations has been conducted by the Research Triangle 
Institute (RTI) for the United States Department of Energy under the 
supervision of Sandia Laboratories under Contract Number 07-6936. 
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The RTI study analyzes the potential for photovoltaic utilization as a 
function of Standard Industrial Classification (SIC) categories* These 
SIC categories are themselves use groups Just as are the Occupancy Use 
Groups found In building codes. However, each building code Occupancy Use 
Group can be broken down Into many SIC categories. Analyzing USE Group 
F-Factory/Industrlal, outlined In Figure 10.1 as described In the 1981 
Edition of the BOCA BASIC BUILDING CODE , It can be seen that specific 
examples of uses falling under this occupancy type are machinery manufac~ 
turing, mills, processing plants, power production, bakeries, breweries, 
canneries, tanneries, electrolytic reducers, sugar refiners, refrigera- 
tion, Ice production, textile mills, upholsterers and wood working mills. 
This list produced the code administration Is not Intended to be 
coiq>lete but only to give an Idea of the types of uses fallln,^ under such 
a category* Upon review of the RTI Study, the prime candidates for early 
PV use, based on electric load matching, will not Include all of the SIC 
categories which fall under Use Group F-Factory/ Industrial, as an example. 
However, If a photovoltaic module Is designed to be utilized on any one of 
these buildings. It can be used on all of the above mentioned occupancies* 
Therefore, by Identifying the early users of PV by SIC categories and by 
subsequently Identifying the code Use Group classification under which the 
PV user's application falls, many other specific SIC categories are 
addressed* 

Standard Industrial Classifications (SIC) were established as a tool for 
statistical comparison by the U.S. government* The Economy Is broken into 
divisions - Agriculture, Mining, Construction, Manufacturing, Transporta- 
tion, Wholesale Trade, Retail Trade, Finance, Services and Public 
Administration. For a comparison with the above outlined Use Group 
F-Factory/ Industrial, the conq>arable SIC division Is manufacturing - 
Division D. Major Division D-Manufacturlng encoiq>asses codes 20-39, or 
twenty different coded subsections. For Instance, Group 20 Is Food and 
kindred products. Group 33 Is the primary metals Industry and Group 35 Is 
machinery other than electrical. Although these have been addressed as 
separate entitles by the RTI study, they, along with the other seventeen 
coded subsections are lumped together In the eyes of the code official* 


Any code requlreaents which apply to primary metals Industry factories also 
apply to food processing plants as well as to all of the other Industries 
which fall under this USE Group. Figure 6.10 depicts construction type as 
a function of occupancy* building area and building height. Construction 
type for a primary metal manufacturers factory Is the same as for a 
machinery manufacturer with the same building area. Similarly, the fire 
resistance rating for that particular construction type will be the same 
for the same building area and height for a food processing plant and a 
machinery manufacturing plant as depicted In Figure 6.7. Therefore, so far 
as building codes are concerned, the same requirements Imposed upon a PV 
array on the food processing plant (SIC 20) will be Imposed upon the 
primary metals production facility (SIC 33) and the machinery manufacturing 
plant (SIC 35). Therefore, from a code standpoint, the specific appli- 
cation type Is not Important. What Is critical Is addressing the code Use 
Group when designing a PV module, thus providing a product which can find 
use In many of the SIC categories, l.e. all of those which fall under the 
code Use Group addressed. 

The RTl study selects five SIC categories: SIC 80, a dental clinic; SIC 

58, a fast food restaurant; SIC 35, a machinery manufacturing plant; SIC 
53, a shopping center and SIC 82, a high school. These are derived on the 
basis of national statistics for each SIC category. However, as Is pointed 
out In a study of energy use characteristics for commercial buildings 
(Presentation of Data of Energy Use Characteristics of Commercial Buildings 
for Passive Commercial Building Program Performance Evaluation Meeting, San 
Francisco, California, December 1980, BHKRA Associates), specific building 
projects must be evaluated on an Individual basis for photovoltaic 
potential. See Figure 10.2 on Page 10-5. 
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ACTUAL VS. ESTIMATED ENERGY 


ALL DATA 

ENGINEERING MODEL 



ACTUAL ENERGY (TOTAL) 

(MBTU/SF/YR) 

Figure 10.2 

As Figure 10.2 shows, even when analytic estimates are compared to actual 
energy utilization, the correlation is poor. 

The five selections made within the RTI study fall within several different 
Use Group occupancies (as is illustrated by asterisked items in Figure 
10.1). The study of building codes in Section 6, however. Illustrates that 
certain items (see, for example. Fire Resistance Rated Assembly and 
Interior Surface Finish) are restricted as a function of Occupancy Use 
Groups. 

Rather than specific occupancies standing out as being of great potential 
concern for PV module and array designer, certain occupancies stand out as 
being of relatively low potential for PV modules and arrays because of 
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restrictions on materials and assemblies. Among these are: Institutional 

(Incapacitated and restrained), hotels, hazardous, and assembly Use Groups. 
When consideration Is given to the Increased concern of code officials and 
design professionals for the safety and welfare of the occupants of these 
groups. It seems unwise to depend upon these categories for extensive 
market potential. 


i 

i 
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It should be noted that the five selections made In the RTI study do not 
take Into account the many critical Institutional Issues which are high- 
lighted In this report. Because of an Increased potential for vandalism, 
maintenance and/or financial considerations (to name a few), specific types 
of occupancies may be Inappropriate for early PV array applications. Fast 
food restaurants may be eliminated, and have been for this study, from 
early consideration for Institutional reasons. A relatively high propen- 
sity for vandalism, grease from exhaust and typically high land cost may 
eliminate must fast food applications. 


If consideration Is given to similar SIC classifications being combined 
Into use group occupancies as outlined In Figure 10.1, a replacement for 
fast food restaurants may be selected. Based upon the broad variety of SIC 
codes which wuuld qualify as examples of Business Occupancies (as found In 
Figure 10.1), office buildings as a generic type must be considered as an 
alternate choice to that of fast food restaurants as an application with 
high potential for PV utilization. 

By choosing the business office and adding It to the remaining RTI choices, 
the following SIC categories are addressed: 

. Secondary Schools 
. Real Estate Offices 
. Machinery Manufacturing 
. Dental Clinics 
. Shopping Center 
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This provides Che greatest flexibility os each of these fall under 
different code classification groupSi i.e.: 


Assembly A4 
Business B 
FacCory/IndusCrial F 
InsCituCional/Incapacitated 12 
Mercantile M 


The code issues addressed previously, therefore, consider the requirements 
for the above classifications for the broadest possible range of design 
requirements. 


SECTION 11 

INSTALLATION COST ANALYSIS 


11.1 INTRODUCTION 

The objective of this section Is to estlnate the labor and aaterlal coots 
for photovoltaic panels Installed within the commercial/ Industrial sector 
of the building Industry. The approach was to Identify several swuntlng 
details currently used In the building Industry for exterior cladding, 
then to modify those details so as to accommodate photovoltaic panels. 

The material costs for these modified details were developed from cost 
estimates for similar materials and material processing. Labor costs 
required further definition In order to Integrate equipment and labor. 

The common denominator between equipment rental and labor is time. All 
estimated labor costs were therefore reduced to the hours required to 
perform each task, then multiplied by the cost per hour for the crew and 
equipment required to complete the task. 

Material and labor costs provided In this Section are detail specific. It 
Is Important to note If details are changed, costs will change. The base 
labor rates will apply to other details If crew types are not changed. 

The per hour labor rates for each Individual can be applied for individual 
crew requirements If details are changed. 

11.2 ARRAY COSTING 


As mentioned In Section 8, the commercial construction Industry enq>loys a 
wide variety of construction techniques, materials and equipment. 
Construction costs will rise and fall In accordance with the complexity of 
the task required, the familiarity of the labor force with that task, the 
structural, mechanical and electrical efficiency of the building compo** 
nents, and the size, shape and number of components Installed. Treads 
Indicate a shift to the utilization of factory labor and processes for 
labor intensive tasks in order to automate the fabrication of building 
components, thus reducing the field labor required to erect the building. 
The increased use of factory labor tends to limit the versatility of size 


of building components creating an Increasing need for the standardization 
of the size of building components. Otherwise, filler panels and 
substructure required to Install costponents that do not Integrate 
dimensionally with the rest of the building will Increase costs. It 
follows that photovoltaic panels mist Interface with typical construction 
Industry materials and dimensions and must be fabricated and erected with 
an optimal mix of factory and field labor. The ability to Interface with 
typical construction material Increases proportionately with a decrease of 
panel size. Unfortunately, the cost of factory and field labor tends to 
Increase as the panel size decreases. 

The size of photovoltaic modules does not affect the labor cost for 
Installation panels but will affect panel material, fabrication, and 
electrical wlrlng/termlnatlon costs as well as th^ total Installed array 
cost. It Is assumed that finished panels are received at the Job site; 
thus no additional installation materials or labor costs are incurred. If 
the module size changes. Internal to the panel, panel Installation costs 
will not change. Modules do, however, require the panel size to be some 
multiple of the module. The maximum size of photovoltaic panels as 
determined in Section 8 was primarily restricted to 40 feet x 8 feet, the 
maximum size transportable by a common carrier. Therefore, maximum panel 
size used for the costing analysis was also limited to this dimension. As 
a result of a detailed study of module and panel size and shape, as 
discussed in Section 8, a module with nominal dimensions of 4* x S* yields 
the greatest amount of flexibility In Its ability to Interface with 
structural systems used in commerclal/lndustrlal buildings. Figure 11.1 
Illustrates the flexibility this module provides In the form of the 
possible panel sizes. 

Having established a standard 4* x S' module size. It is now appropriate 
to develop assumptions for the four established mounting locations with 
respect to a building In order to fully analyze the effects that each will 
have on the Installed system cost. The following assumptions have been 
made: 
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1. Rack Mount (ground or roof support) 

• Suitable site characteristics and soil conditions to accept ground 
mounted PV array configuration. 

« Above ground lifting to be accomplished by tower crane. 

. Arrays must cooq;>ly with local zoning laws with regard to height, 
property line setback and obstruction of views or visual access 
from adjacent buildings. 

. 14,400 ft.^ array was costed utilizing rack of 8* x 120* or 

16* X 120*. 

2. Standoff Mount 

. Above ground lifting to be accomplished by tower crane. 

* Panels must be easily handled by one or two men and one crane. 

. Panel must present favorable aspect ratio for convenient inclusion 
in a 14,400 ft.^ array. 

. Approaches closely Che considerations of a roof support, rack 
mounted array. 

3. Direct Mount 

. Panels must be easily handled by one or two own and one crane. 

. No limitation of size to total area as a function of flammability 
of PV panel materials as stipulated by building code(s). 

. Panel must present favorable aspect ratio for efficient inclusion 
in a 14,400 ft.^ array. 

. Mildew and rot under panel siay be a problem. Panels can be 
directly fastened and flashed to the roof deck. 

4. Integral Mount 

. Panels will be mounted on purlins spaced on S'-0*‘ centers. 

. Waterproofing of array will be a major factor. 

. Panels oust be easily handled by one or two men and one crane. 

. Panels which for 14,400 ft.^ array were investigated. 

Using these asumptions and the above generated discussion on the standard 
module size, considerations can now be given to the individual mountin^- 
techni(;ues. 
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Figure 11*1 

Reck Mount 

Conanerclal framing materials most closely associated with the mounting of 
photovoltaic panels on a rack are those used for Mansard roof used to 
screen mechanical equipment* Various manufacturers have developed 
complete systems for this purpose* For the most part, the framing systems 
are built of factory'n&ade trusses of galvanized steel rolled sections* 

The fraoies have been strictly designed for structural performance and 
optimal economy of material* The years of research chat have gone into 
the development of these frames have led to a frame that Is the most 
economical structure svallable for rack mounting photovoltaic panels* 
Therefore, the cost analysis Is based on the cost of these frames* The 
particular standard frames used were slightly modified for panel sizes 
ranging from 4* x 5* to 8* x 40'* The rack sizes costed were S' x 120' 
and 16* x 120' (see figures on Table 11*1)* The erection procedure Is as 
follows: 

* Space and weld pipe supports to metal roof joists* 

* Bolt steel C**Channels to pipe supports* 

* Raise premanufactured trusses to the roof and screw in place* 

* Screw purlins to trusses* 

* Raise photovoltaic panels to the roof and screw in place* 
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Table 11.1 


mcL i*a 


LABOR AMD NATMIAL COST 



"A A 7\ 





HOUVTIIICr U)CAT10N 
MATERIAL SECTION 

QVAiniTY 

MATERIAL 

HATE 

MATERIAL 

COST 

LAiOR 

RATE 

LABOR 

COST 

TOTAL 

COST 

•oof Mount 020' > !«') 
Ripe Colu«n Welded 
2x10 14 ft. C >ennel 
Hat Section (Trust) 

Hat Section ^^urling) 
Ripe RUahin^ 

Total 

22 pea. 

240 lin. ft. 
31 

S40 lin. ft. 
22 pea. 

1 

4.4$ to. 
S2.05/Iin. ft. 
$13.18 to. 

$0. 19/Un. ft. 
$8.40 CO. 

$ R7.R0 

492.00 
410.58 
159.60 
184.80 

$1.75 ea. 
$0.41/lifi. ft. 
$17.61 ea. 
$0.27/lin. ft. 
$1.10 ea. 

$ 38.52 
98.40 
547.77 
226.80 
24.20 

$ 136.42 

590.40 
1.018.35 

386.40 
209.00 

$1,404.88 

$935.69 

$2,140.37 







MOUNTIHC LOCATION 
MATERIAL SECTION 

WAMIITY 

MATERIAL 

RATE 

MATERIAL 

COST 

UBOR 

RATE 

LABOR 

COST 

TOTAL 

COST 

•oaf Mount (I20‘ B 8‘) 
Ripe Colusn Welded 
2i8 14 |«t. C Channel 
Rat Section (Truaa) 

8r: Section (Rurliof) 
Ripe Flashing 

Total 

22 pee. 

240 lin. ft. 
31 

360 lin. ft. 
22 pea. 

$4.45 ea. 
$1.76/lin. ft. 
$5.12 ta. 
$0.19/lio. ft. 

$8.40 ea. 

$ 97.90 

427.20 

158.72 

68.40 

184.80 

$:.75 aa. 
$0.36/lin. ft. 
$8.94 ea. 
$0.27/lio. ft. 
$1.10 aa* 

1 38.52 
•6.40 
268.20 

97.20 

24.20 

$ 136.42 

513.60 
426.92 

165.60 
209.00 

$ 937.02 

$514.52 

$1,431.34 



Table 11.2 


RACK MOUNT COST SUMMARY 


DETAIL 


C 

w/ 

(Rack 


8' X 120') 


C 

w/ 

(Rack 


16* X 120') 


PANEL SIZE 


4* X 5* 
4' X 10' 
4* X 20' 
8* X 20' 
8* X 40' 


4' X 5' 
4' X 10' 
4' X 20' 
8' X 20' 
8* X 40' 


4' X 5' 
4* X 10' 
4* X 20' 
8' X 20' 
8' X 40' 


MATERIAL 

COSTS 


$12,139.20 

12,283.20 

11,115.00 

9,529.20 

10,767.60 


26.194.50 

26.338.50 
25,170.30 

23.584.50 
24,822.90 


22.675.80 

22.819.80 
21,651.60 

20.065.80 

21,304.20 


LABOR 

COSTS 


$ 6,591.15 

5,464.50 

4,704.00 
4,225.05 
3,774.45 


14,308.95 

13,182.30 

12,421.80 

11,942.85 

11,492.25 


13,608.83 

12,482.18 

11,721.68 

11,242.73 

10,792.13 


♦ELECTRICAL INTERCONNECTION NOT INCLUDED. 


TOTAL 

COSTS* 


$18,730.35 

17,747.70 

15,819.00 

13,754.25 

14,542.05 


40,503.45 

39,520.80 

37,592.10 

35,527.35 

36,315.15 


36,284.63 

35,301.98 

33,373.28 

31,308.53 

32,096.33 


V i 



















Panel details for rack mounting do not need to provide the array with 
waterproof integrity but are merely required to securely fasten the panels 
to the rack. Detail C shown on Table 11.3 has been designed specifically 
for rack mounting. It should be noted that in Detail C, the panel frames 
are fastened from the back with sheet metal screws. Because rack mounted 
arrays are easily accessible from both the front and the back from a 
stable working position and since the connections are not required to be 
waterproof, the panel mounting cost is low (see Tables 11.3, and 11.4). 
However, this cost is greatly inci.eased idien the cost of the rack 
materials and installation are included. T>ble 11.3 illustrates two rack 
concept with their associated materials and installation costs on a per 
unit basis, 8* x 120' and 16' x 120'. Non-*determinable costs for rack 
mounting are the cost savings for not wasting valuable interior space to 
accommodate the required slope of the array and the visual cost or effect 
the racks have on the building. 

Finally, a summary of installation costs for the rack mounted array are 
seen in Table 11.2. It must be noted that these costs are detail specific 
and will change for mounting and rack details other than those 
illustrated. 

Standoff Mount 


Like rack mounting, standoff mounting may also share the cost advantages 
of not waterproofing the array. However, the size of the panel and the 
panel's structural capacities determines the number of roof penetrations 
required for adequate support. Shipping/handling requirements allow 
panels to withstand environmental loads of approximately 60 p.s.f. if they 
are supported every twelve feet. Pipe columns similar to those used to 
attach the rack to the joist were used in the costing analysis. Access to 
the back of standoff mounted arrays is highly dependent on the distance 
the panels stand away from the roof. Panel sizes ranging from 4' x 5' to 
8* X 40' were costed. The material and labor costs for standoffs are 
listed in Table 11.5. These may be coupled with the panel installation 
cost for Detail C in Tables 11.3 and 11.4 to attain an overall cost for 
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panels mounted on standoffs* A summary of costs for standoff 
installations is seen in Table 11*6« 

Direct Mount 


Panels mounted directly to a roof deck require no supplemental structural 
support. However, this mounting type does require that the panels be 
detailed to provide the building with a continuous waterproof membrane. 
Both Detail A and B provide such waterproof integrity. (See figures on 
Tables 11*7 and 11*8*) 

Detail A is intended for use with large panels* It provides waterproof 
integrity to the array by mounting the panels mechanically in a manner 
similar to that employed in standing seam roofing* 

Detail B limits the size of panels to the size of the module used, but it 
also eliminates panel fabrication costs, which are not addressed in detail 
in this costing analysis. Detail B provides waterproof integrity to the 
array by mounting the module/panels with an adhesive, silicone* This type 
of mounting has been used extensively for mounting glazing when a clean, 
flush appearance is required. 

Due to the wide fluctuations in cost for roofing used by the commercial 
industrial sector, roofing credits could not be addressed in the costing 
analysis. It is also beyond the scope of this report to determine a 
dollar value for the lack of cell cooling from the back of the array. It 
is critical that a designer assess these costs when comparing the mounting 
costs. Costs for direct mounted panels utilizing Detail A and B are 
listed in Table 11.7 and 11.9, and Tables 11.8 and 11.10 rspectively. 

Cost summaries for installations can be seen in Table 11*11* 

Integral Mount 


Panels mounted integrally are required to become the roofing composite. 
This composite is required to provide a continuous waterproofing membrane. 
As with direct mounted panels. Details A or B may be used to provide this 
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ttf-iiluifls non 
mnin* 
ir O.C. 
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i 

I 


i 

> 

i 

I 

! 


I 
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CETAIL 

MATERIAL 

SECTION 

QUANTITY 

MATERIAL RATE 

MATERIAL COST 

C (4* X 5') 

C Channel 20 ga* 3*3/8^ 
L Channel 20 ga* 

Scf **ws #10 X 3/4” 

12,960 lln* ft, 
12,960 lln, ft* 
5,400 pcs* 

S0.62/lln. ft. 
SO* 30/ lln. ft. 

S0.04 ea* 

S 8,035.20 
S 3,888*00 
S 216,00 

ToTaRWx 120' array) I 

rrJ7T59720 

C (4* X 10’) 

— 

C Channel 18 ga* 3«5/8» 
L Channel 20 go* 

Screws #10 x 3/4” 

Horizontal 20 ga* 
Adhesive 1/8” x 1/2” 

10,060 lln. ft. 
10,080 lln. ft. 
5,400 pcs. 
1,440 lln. ft. 
10,060 lln. ft. 

$0.72/1 In. ft. 
$0.30/Hn. ft, 
$0.04 M. 
$0.47/lin. ft. 
so. ll/I in. ft. 

S 7,257.60 
S 3,024,00 
S 216,00 
S 676*80 
S 1,108,80 

Total (120* X 120* array) 1 

$12,283,20 

t (4* X 20') 

C Channel 20 ga* 6'* 

L Channel 20 ga* 

Screws #10 x 3/4” 

Horizontal 20 ga* 

Adhesive 1/8” x 1/2^ 

8,640 lln. ft, 
8,640 lln, ft. 
5,400 pcs. 
2,160 lln, ft, 
10,080 1 In. ft. 

S0.e2/lln. ft. 
S0.30/lln. ft. 
$0*04 ee* 
S0*47/lln. ft, 
S0.11/lln. ft. 

S 7,084,80 
S 2,592,00 
$ 216.00 
S 1,015.20 
$ 216.00 

Total (120* X arra 

y) 

1 

$ii,iiS.d(l 

C (8' X 20') 

C Channel 18 ga* 6” 

L Channel 20 ga. 
Screws #10 x 3/4” 

Horizontal 18 ga. 

Hat Section 20 ga. 
Adhesive 1/8” x t/2» 

5,040 lln. ft. 
5,040 lln. ft. 
5,400 pcs. 
1,060 lln. ft. 
1,800 lln. ft. 
10,080 lln. ft. 

$0.98/1 In. ft. 
$0.30/1 In. ft. 
$0.04 ea. 
$0.64/1 in. ft. 
$0.47/1 In. ft. 
$0.1 1/1 In. ft. 

$ 4,939.20 
S 1,512.00 
S 216,00 
S 907.20 
S 846.00 
$ 1,108.80 


C (8» X 40') 


C Channel 
L Channel 
Screws 
Hot I zonta I 
Hat Sect lor 
Adhesive 


16 ga, 6” 

4,320 lln. ft. 

$1.20/1 In. ft. 

S 5,184,00 

20 ga. 

4,320 lln, ft. 

$0*30/1 In, ft* 

S 1,296,00 

#10 X 3/4" 

5,400 pcs. 

$0.04 M. 

S 216,00 

16 ga. 

2,520 lln, ft. 

$0.84/1 in. ft. 

$ 2,116,80 

20 ga. 

1,800 lln. ft. 

$0.47/1 In. ft. 

$ 846.00 

1/8" y 1/2' 

10,080 1 In, ft. 

«0.1!/lln. ft. 

$ 1,108,80 
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Table 1U4 


HOURLY LABOR RATE 


OIMITITY 

LABOR TYRE 

ODST/HR 

DE8CRFT10N 

ftOURCE 

1 

Cr«M Brattl 

9 30.08 

• $6.600/aoaCb t 173.33 hr*/ao. <baaad oa 8 hr. 
8aya« 5 day «aaka) 

Iteana 1980 

1 

CxMm Operator 

21.03 

• $14.63 (haaa rata) $6.40 (Sub* a ovarbaad 
aad profit) 

Iteaaa 1980 

3 

StiMt Natal 
Uorkara 

65.83 

■ ($13.40 (baaa rata) $6*33 (Sub*a ovarhaad 
and profit)) a 3 

Naana 1980 

4 

Buil^iat 

Laborara 

62.80 

• ($11.13 (baaa rata) 4 $4.33 (8ub*a ovarhaad 
aad profit)) a 4 

Haana 1980 


Tbtal Crav 

$ 187.78 

• $38.08 4 $21.03 $63.83 ♦ $62.80 



LABOR COST 


DETAIL 

TIME REOUnED 

AVECOST 

OPERATION 

, COMMENTS 

c 

5.00 Hra. 

$ 938.90 

■ Foaltion and aat panala (20 ain. /panel x 45 

Estlaata 

(8x40 pane la 



panala) < 60 ain. /hr. * 3 craaa 



15.00 Hra. 

2*816.70 

• Scrav panala to purlina [(0.5 ain./acrav x 

Estlaate 




5.400 acraaa) « 60] » 3 


120*xl20* ar 

ray 20.00 Hra. 

$3,755.60 

• Total 

Does not induct electrical costa 

C 

7.50 Hra. 

$1,406.35 

- Poaltion and aat panala (([15 ain. /panel] x 

Eatlaata 

8'xaO' panai 



90 panala) i 60] » 3 


8'x20* panai 

13.00 Hra. 

2.816.70 

• Scrav panala to purlina [(0.5 ain./acrav x 

Eatiaatc 




5.400 acraaa) t 60] * 3 


120*xl20* ar 

ray 22.30 Hra. 

$4*225.05 

• Total 

boas not Include electrical coats 

C 

10.00 Hra. 

$1,877*80 

■ Poaltion and sat panala [((10 ain. /panel] x 

Estlaate 

4»x20'pan*l 



180 panala) * 60 ain. /hr. ] f 3 crave 



15.00 Hra. 

2.816.70 

- Scrav panala to purlina [(0.5 ain./acrav x 

Estlaata 




5.400 acrava) t 60 ain. /hr.] * 3 crava 


120'xl20* ar 

ay 25.00 Hra. 

$4,694.50 

- Total 

Does not include electrical costs 

C 

14.00 Hra. 

$2,626.92 

• Pc alt Ion and aat panels (([7 ain. /panel] x 

Estlaata 

4*xlC panel 



369 panala) * 60 ain. /hr.] * 3 crava 



15.00 Hra. 

2.816.70 

- Scrav panala to purlins [(0.5 ain./acrav x 

Estlaate 




5.400 acrava) i 60 ain. /hr.] i 3 crava 


120*xl20' ar 

ay 29.00 Hra. 

$5,445.62 

- Total 

Does not Include electrical costa 

C 

20.00 Hra. 

$3,756.60 

• Position and aat panala (([5 ain. /panel] x 

Estlaate 

4'a5* panala 



720 panala) t 60 aUn./hr.) * 3 crava 



i5.00 Hra. 

2*816.70 

• Scrav panala to purlina [(0.5 ain./acrav x 

Estlaate 




5.4(H) screws) * 60 ain./hr.] i 3 crews 


120*xl20* ar 

ay 35.00 Hra* 

j 

$6,572.30 

i 

“ Total 

i 

Docs not include electrical costs 


Table 11.5 


STUL rOST STAMDOrr U>Oit AHC NAmiAL COST 

i 

1 


1 


HOUNTING LOanON 
MATERIAL SECTION 

OUAKim 

MATERIAL 

RATE 

MATERIAL 

COST 

LABOR 

IA1E 

LABOR 

COST 

TOTAL 

COST 

Sloped tool (120* s 120') 
t' X 40' p S' X 20* PneU 
3" Pipe Coluan x 3* 

Pipe Plxehi&g 

208 pee. 
206 pce« 

$13.45 aa. 
$8.40 ea. 

$ 2,797.6c 
$ 1,747.20 

$2.00 *a. 
$1.10 **. 

$ 416.00 
$ 228.80 

$ 3,213.60 
$ 1,976.00 

Total 


i 4.^44. so ' 


$ 644. *0 

* },189.*0 

4* X 20* p 4* X 10* Pttiele 
3** Pipe Coluan 
Pipe PlMhing 

403 pee. 
403 pee. 

.$13.45 aa. 
$8.40 ea. 

I 3,420.35 
S 3.3SS.20 

$2.00 **. 
$1.10 *a. 

$ S06.00 
$ 443.30 

$ 6,226.35 
$ 3,828.50 

Total 





$10,054.65 

4* X 3* Pttele 
3** Pipe Col\sn 
Pipe Pleehing 

775 pee. 
775 pea. 

S13.A5 **. 
IS. 40 **. 

SIO.423.75 
S 6,510.00 

$2.00 ea. 
$1.10 ea. 

$1,350.00 
$ S52.50 

$11,973.75 
$ 7,362.50 

Total 



*16.933.75 


*2.402. *0 

*19.336.25 


^ 

_-s: ' ___ 

.U ■ u ,1.,^,^..^. 

1 — 7Y/\/\ /\/\/ /\/\/\ /\/\/\ 1 

MOUKTINC LOCATION 
MATERIAL SECTION 

QUAMtlTir 

MATERIAL 

RATE 

MATERIAL 

COST 

LABOR 

RATE 

LABOR 

COST 

TOTAL 

COiT 

rut loof (S' a 120') 

S' s S' > 20' r«D«i« 

3" rip* CeluMi s r 
3" Pip* Celian a S* 

Pipe Pleehiag 

11 pea. 
11 pea. 
22 pea. 

$4.45 

$32.45 

$8.40 

$ 48.95 
$ 356.95 
$ 184.80 

$1.75 aa. 
$3.75 aa. 
$1.10 aa. 

$ 19.25 
$ 41.25 
$ 24.20 

$ 68.20 
$ 398.20 

$ 209.00 

total 


^ 550b 


~i 105“ 

^ 67*.4o 
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Table 11.6 


STANDOFF MOUNT COST SUMMARY 


DETAIL 

PANEL SIZE 

MATERIAL 

COSTS 

LABOR 

COSTS 

TOTAL 

COSTS* 


4' X 5' 

$12,139.20 

$ 6,591.15 

$18,730.35 


4' X 10' 

12,283.20 

5,464.50 

17,747.70 

C 

4' X 20' 

11,115.00 

4,704.00 

15,819.00 


8' X 20' 

9,529.20 

4,225.05 

13,754.25 


8' X 40' 

10,767.60 

3,774.45 

14,542.05 


4' X 5' 

29,072.95 

8,993.65 

38,066.60 

C 

4' X 10' 

21,088.75 

6,713.80 

27,802.55 

w/ 

4' X 20' 

19,920.55 

5,953.30 

25,873.85 

Sloped Roof 

8' X 20' 

14,074.00 

4,869.85 

18,943.85 


8' X 40' 

15,312.40 

4,419.25 

19,731.65 


4' X 5' 




C 

4' X 10' 

— 

— 



w/ 

4* X 20' 

— 



Flat Roof 

8' X 20' 

18,389.70 

5,495.55 

23,885.25 


8' X 40' 

19,628.10 

5,044.95 

24,673.05 


*ELECTRICAL INTERCOWJECTIONS NOT INCLUDED. 
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waterproof integrity. Since integrally mounted panels replace the roof 
decking as well as the roofing membrane, cost credits for the material and 
labor required to install the elements are important for comparative 
reasons, but could not be addressed due to cost fluctuations. Hoirever . it 
should be noted that with adequate ventilation behind an array | cooling 
the back of the array is not a problem. Costs for integrally mounted 
panels utilizing Detail A and B are equal to those for direct mounted 
panels and are listed in Tables 11.7 through ll.lOg with summaries found 
in Table 11.11. It is imperative that the module/panel manufacturer 
understand the potential problems associated with integral mounted panels 
as addressed in the code analysis section. The added cost necessary for 
compliance with assembly requirements must be added to the costs given in 
this section for integral mount. 

11.3 ELECTRICAL WIRING/TERMINATION COST 


11.3.1 INTRODUCTION 


This electrical wiring/termination cost analysis was developed 
around a number of system-related parameters. These parameters 
were allocated values that were felt to be realistic in scope for 
the year 1986. It should be realized that to present an accurate 
cost analysis for a photovoltaic system and its electrical 
components, many details need to be known about the system design 
and characteristics. This cost analysis is based upon the 
following assumptions: 

, Packing Efficiency (cells only) » 94% 

. Array Efficiency » 10.1% 

• Peak Electrical Output Based on Insolation » 800 w/m^ 

. Array Area = 1,338 m^ 

. Array Peak Power » 145,000 Watts 


Furthermore, this electrical wiring/termination cost study 
considered the panel the prewired electrical device that is to be 


Table 11.7 


ORIGINAL PAGE IS 
OF POOR QUALITY 


DETAIL A 

— IWVVOiUtC HDMU- 
, IlLtCM MMm — 

I ^miiCiPtniF 


u* mu aiF 


*1/1* %mi m.t$ 


detail 

rrTnnrr" 

20 9t. >$/e 
14 0i« 

5/8»» K I* 

20 9»« 

20 g«* 

K K " w r 

16 9». V5/6 
14 ga» 
s/e** X l*» 

20 0a, 

20 ga, 

20 ga, 

1/6" X 1/2" 


A (4< X 20*) 

20 ga, 6** 

14 ga, 

3/6" X I" 

20 ga, 

20 ga. 


MATERIAL 

SECTION 

QUANTITY 

MATERIAL RATE 

MATERIAL COST 

C Channal 

13,440 Mn. ft. 

30,62/1 In, ft. 

S (.532.80 

4ncl>or Cl Ip 

775 

30,44 aa. 

3 341.00 

Delta 

775 

30,25 aa. 

3 193.75 

OMtt ar 

13,440 lln, ft. 

30,50 lln, ft. 

3 6,720,00 

Cn> Strip 

3,720 lln. ft. 

30,16 lln. ft. 

3 595,00 

nrstai : 


316,112,59 

C Channal 

10,560 lln ft. 

30,72/lln, ft. 

3 7.603,20 

Anchor C 1 Ip 

775 

30,44 aa. 

3 341.00 

Delta 

775 

30,25 aa. 

3 193.75 

Gurtar 

10,560 lln, ft. 

30,50/lln, ft. 

3 5.2D0.00 

Cap Strip 

3,720 lln, ft. 

30.16/1 In. ft. 

3 595,00 

Horiaontat Tia 

1,440 Mn. ft. 

30,47/lln, ft. 

3 676,60 

Adhaaiva 

12.960 lln, ft. 

30.11/1 in. ft. 

3 1.425.60 

Total (with 4 » 

5 noduiaa 


ti6,i W,35 


C Ch«na#l 
ArtcHor C I ip 
Delta 
Gutter 
Cap Strip 
HerKontal Tia 
A6Kaa 1 va 
Total Txitli 4 X 


9,120 (in, ft* 

775 

775 

9,120 lln, ft, 
3,720 I In, ft, 
2,160 

12,960 lln. ft, 

5 iMIat 


10,62/1 In, ft, 
30,44 aa, 

10,25 aa. 
30,50/lln, ft, 
30, 16/1 In, ft. 
30,47/lln, ft, 
30.n/lln, ft. 


3 7.476,40 
3 341,00 

3 193,75 

3 4.560,00 
3 595,00 

3 1,015,20 
3 1.425,60 
315,606,95“ 


KW n W) 

C Channal 

5,«0 iln,“7tr“ 

m.M/'iIb. 

1 5.4M.M 

14 ga. 

Anchor Clip 

400 

30,44 aa. 

3 176,00 


Delta 

400 

30,25 aa. 

3 100,00 

20 ga* 

Gutter 

5,520 Hn, ft. 

30.50/Hn. ft. 

3 2,760,00 

20 ga. 

Cm Strip 

1,920 lln, ft. 

30, 16/1 In, ft. 

3 307,20 

16 ga. 

Herixentel Tia 

2,160 lln, ft. 

30,64/1 In. ft. 

3 1,614.40 

20 ga. 

Hat Section 

1.600 lln, ft. 

30,47/lln. ft. 

3 646,00 

1/6" X 1/2" 1 

Adhaalva 

12,960 lln, ft. 

30,11/tln, ft. 

3 1,425,60 


total (with 4 » 

; 5 Modulaa) 

! 

rr?TTO75C“ 


A (6* X 40*} 

f 




16 ga. 6" 

C Channel 

4.600 lln, ft. 

31,20/iln, ft. 

3 5,760.00 

14 ga. 

Anchor C 1 ip 

400 

30,44 an. 

3 176,00 

5/6" X I" 

Delta 

400 

30,25 aa. 

3 100,00 

20 ga. 

Gutter 

4.600 

30,50/lln, ft. 

3 2,400.00 

20 ga« 

Cv Strip 

1,920 

30.16/lln, ft. 

3 307,20 

16 ga. 

Horixental Tie 

2,520 lln, ft. 

30,64/Hn, ft. 

3 2,116,60 

20 ga. 

Hat Section 

1,600 

30,47/lln, ft. 

3 646,00 

1/6" X 1/2" 

Adhaalva 

12,960 

30.11/tln, ft. 

3 1,425,60 



Table 11.8 


OCTAir B 


n Tw m wc ew u 

r.“7 




l/i8*fQliaTmi0tTS 


DETAIL 


QUANTITY 

MATERIAL RATE 

M*TERIAL COST 

SECTION 

B (4* X 5>) 

Hot Soctlon 

5p000 line ft* 

SO. 76/1 In* ft. 

S 2p280.00 

20 98* 

Horizontal Tlo 

3,720 

$0.47/ lln* ft. 

$ 1.748.40 

3/8« X 1" 

Bolts 

775 

S0.25/lln. ft. 

S 193.75 

1/4" X 1/2" 

Adhaslva 

12,960 lln. ft. 

S0.2l/lln* ft. 

S 2p 592.00 


Total 1 


B (4* X ion 





20 ga« 1 

Hat Soctton 

3p000 lln* ft. 

SO. 76/ lln. ft. 

S 2*260.00 

16 90 * i 

Horizontal Tta 

Ip 560 lln* ft* 

SO. 52/ lln* ft* 

$ 811.20 


Bolts 

775 

$0.29 M. 

$ 193.75 


Adhas i va 

10.080 lln. ft. 

$0.21/1 In. ft. 

S 2*116.60 



$ 9.400.79 
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Table 11.9 


HOURLY LABOR RATE 


OJANTITV CABOR TYRf OOST/HR OiRCRmON J •0**»Cg 


1 

GtBM lMt«l 

4 li.OI 

• 44*400/«mcIi « 175.5) hr./tao. (laaad on 4 hr. 

i 

Naana 1440 

\ 





•aya. 5 4ay «Mha) 

! 



t 

Cr«N OfRIttiAt 

21.05 

• 114.45 <teaa rMi) ♦ 44.40 (4tth*a «v«rhaa4 

Maaaa 1440 | 





mmd ^rafU) 

1 



3 

nm9t mfi 

45.45 

• (115.40 (haaa rata) 4 $4.55 (4ah*a avarhaad 

Naans 1440 




ttorkcrA 


aal profit)) a 5 

i 



4 

BttilAitti 

42.40 

• (111.15 (boat rata) 4 14.55 <44b'a aaarhaad 

Naans 1440 



i 

Morxrt 


md profit)) a 4 

1 


El 

i 

( 

fiDtftl CnM 

1 147.74 

• IM.U . 121.0} 4 •*}.•} 4 t*2.ao 


» 





UBOR COST 

i 

) 



DCTAC 

TME REOUMEO 

AVECOtT 

OrCRATtON 

COMhlEHTS 



' A 

(l'«40') 

2.51 Ire* 

1 444.44 

. OMlttMMl cost M Mt *«rUM ((() ■ 225) * 
•0) « )1 ■ 201 

Uat for sloped application ia 202 1 

traatar than that found in typical 
construction. 


1 


5.00 Irt. 

•54.00 

• foaitioa and aat paaala (20 «ia./paaal) a 
45 panala < 40 « 5 

Bstiaata 


- 


4.45 Irt. 

•55.42 

• Bolt Paaala to purlitka |((2 ala. /holt) k 400 
halta) < 40] 4 5 

Eatiaatt 


■ 


1.5) Its. 

247.51 

• laatall Cap ttripa (((1*420 lia. ft.) * 420) 
4 40) « 5 

Eotiaata 


J 


ll.M to*. 

12*544.41 

■ Total axcltidloB alactrlcal coaaactioaa 




i * 

(•'■20') 

2.50 Ira. 

1 444.44 

• Additional coat to aat purlina (((5 n 775) 
4 40) 4 5] k 202 

Uat for alopad application ia 202 
graatar than that found in typical 
construct ion. 

■ 

1 


7.50 Ira. 

1*404.50 

■ Poaltioa and aat paaala (15 aia./panal) k 40 
paaala * 3 craoa 

KstiJMta 

1 

■ 

1 


4. 45 Ira. 

4)5.42 

• Bolt Paaala to purliaa (2 ala. /bolt) x 400 

Catisata 





bolta 



K' 


1.5) Ira. 

247.51 

• laatall Up Stripa (1*420 lia. ft.) 

Estiaata 


M 


14.04 Ira. 

15*015.41 

• Total axcludlng alactrical connactiona 


■ 

1 

* ] 

2.50 Ira. 

1 444.44 

• Additional coat to aat purliaa 

Uat for sloped application ia 202 



(•'■20') 1 




graatar than that found in typical 
construction. 




lO.M Ira. 

1*477.40 

■ Poaitioa and aat paaala KUO Ain./panalJ x 
140 panala) « 40) < 5 

Eat mats 




0.42 Ira. 

1*414.47 

• Bolt Paaala to purliaa (((2 ain./bolt) x 775 
bolta) < 40) « 5 

Eatiaata 




2.44 Ira. 

555.43 

• laatall Up Stripa (((5*720 lia. ft.} 4 420) 
4 40) 4 5 

Eatiaata 

t 



24<14 Ira. 

14*554.74 

• Total axcluding alactrical coaaoctiona 


f 


A 

2.54 Ira. 

$ 444.44 

* Additional coat to aat purliaa ((() x 775) 

Uat for alopad application ia 202 



(4'xlO*) 



4 40) 4 5) a 20X 

graatar than that found in typical 
construction. * 

i 



U.oo Ira. 

2*424.42 

• Poaitiofi and aat panala (((7 ain./paoal) x 
540 paaala) 4 40] « 5 

Eatiaata 

; 



••42 Ira. 

1*414.47 

• Belt Panala to purliaa (2 aio./belt) x 775 
bolta 

Eatiaata 



; 1 

2. 4-5 Ira. 

555.45 

- laatall Up Stripa (((5*720 lia. ft.) 4 420) 
4 40] 4 5 

Eatiaata 

i 



24.14 Ira. 

•).207.*0 

• Total aacludlng alactrical coaaactiona 
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Table 11.10 


HOURLY LABOR RATE 


OMNTirV 

CAtOH TVPI 

OOST/HH 

cocwmow 

1 

Crana IbbuI 

1 M.OI 

• IS.SOO/BO. 4 173.33 bra./BD. (• br. day« 
3 day Book) 

1 1 

CroBt Off mot 

21.03 

• tU.*5/kr. (toM Ml.) « M.40/hr. (Kk'« 
ouorhasd oBd profit) 

s 

Claitara 

114.S0 

• 1913.10/hr. (baaa rata) 4 93.35/iir. (Sub*a 
•uorhaad OBd profit) a 9] 

1 

Camooo BttlldlBg 
Laboror 

13.70 

• 911.15 (baaa rata) 4 $4.5S/br. (SubU 
ouorhoad and profit) 


Total CroB 

9 US. 73 

• 931.00 4 921.03 4 9114.90 4 913.70 

i 

1 

1 


•oimcc 


Item lUO 


Him ItSO 


B 

<4UI0*) 


LABOR COST 


OKRATION 


• AiSUiPMl cost CO MC purlinc |((3 aini/bolt 
» 775 MU] 4 SO) 4 3] k m 

• Poiltioo kii4 Bolt fciM to Furllno ((17 Bin*/ 
Bolt It 775 beltt) ♦ (5 Bio. /AO* froBo k f 5 
fr«Boo)) 4 SO) « 5 

• ABply Adhoolot to frcBo ((ISO ponoU h H 
Un. ft./pBfMl) 4 570] « 5 

• Focltlon 4 Sot ponoU (((7 aln«/ponol] k IBO 
potioli) 4 sol 4 5 

- Sool Arroy (S«7S0 71ti. ft. i 740 Un. ft. /hr.; 
♦ 3 

U Totol okcludlng oloctrlcol connoctlono 


Adfltlonol coit to sot purlins (((3 ain./bolt 
X 775 bolts) 4 SO) 4 I] X 203 

Position snd bolt trma to purlins (({7 Bln./ 
belt k 775 bolts) 4 (3 b1o./ 40* frono k S3 
frsBos]) 4 SO) 4 3 

Apply Adbosivs to frspo ((y.X) poools % II 
Un. fc./ponol) 4 370] 4 3 
Position 4 Sot ponoli ((5 Bln./ponol x 770 
ponols) 4 SO) 4 3 

Sosl Arroy (10,200 Un. ft. 4 740 Un. ft./ 
Hr.) 4 3 

Totol Bxcludlns oloctrlcol coenoctlono 


Cost for slepoo opplicotion is 207 
grostor tbon thot found In typical 
construction. 

EotlBOCO 


SatlBoto 

UtiBOCO 

Eatlaato 


Cost for sloped opplicotion is 701 
grostor then thot found in typical 
conotruetlon* 

EatiBoto 


EatiBota 

EatiBOt*. 

EatiBOto 
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INTEGRAL AND DIRECT MOUNT COST SUMMARY 


DETAIL 

PANEL SIZE 

MATERIAL 

COSTS 

LABOR 

COSTS 

TOTAL 

COSTS* 


4* X 5' 

$16,182.55 

$ 6,453.58 

$22,636.13 


4' X 10' 

16,115.35 

5,287.90 

21,403.25 

A 

4' X 20' 

15,608.95 

4,536.78 

20,145.73 


8' X 20' 

12,838.20 

3,015.91 

15,854.11 


8' X 40' 

13,131.60 

2,546.41 

15,678.01 

B 

4' X 5' 

6,814.15 

12,051.67 

18,865.82 


4' X 10' 

5,400.75 

9,964.64 

15,365.39 


I 


8 







transported to the site. Thus, all the conductor costs will 
exclude the required module to module electrical connection costs. 
The format of presentation in this study, however, does allow one 
to consider the panel to be a module, without requiring a 
modification of th^ basic conclusions that have resulted. The 
hierarchical electrical system illustrated in Figure 11.2 presents 
the structure of cost data development in this section. 

11.3.2 CONDUCTOR COST 


Conductor costs have been developed around the following: 

. All conductors are Type THHN dual rated 90 *C for dry locations 
and 75"C for wet locations (600 volt maximum). 

. Allowable ampacity based on ambient temperature of 60 ^C, and 
therefore, a derating of 0.71 for 90^C rated conductors is 
used. 

. For voltages in excess of 600 volts, the conductor costed was a 
medium voltage, MV90, cable. 

• All conductor costs are based on a large volume purchase and 
are, therefore, conservative in nature. 

. All are 1980 dollar figures and are presented in $/m^. 

In determining conductor costs ($/m^) for this prototypical 

array as shown in Figure 11.2, it was felt that two very important 

parameters should be allowed to vary. These were: 

1. Voltage for all three system levels: panel, sub-array and 

array. 

2. Length of conductor for each system level. 
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I 


Sub-Array Conductors 


r 




System Characteristics 

. 8 Sub-Arrays per Array 

(178 m2) 

. 3 Panel Sizes: 4* x 5* 

8* X 20' 

8' X 40* 


Figure 11.2 


i 

! : 
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Coats were determined for four voltage levels: 

1 . 30 volts 

2. 250 volts 

3. 600 volts 

4. 1000 volts 

Because the NEC addresses three standard voltage regimes (less 
than 30 volts, between 30 and 600 volts, and greater than 600 
volts), it was determined that cost data should be developed 
around these critical voltage points. At the array level, it was 
felt that the greater than 600 volt regime should be complimented 
with costs determined at the 750 volt operational level to 
facilitate Che development of a cost trend in this regime. 

Additionally, the second variable that was considered (the length 
of conductor) involved three variations: 

1. 2 feet (.61 m) 

2. 10 feet (3.05 m) 

3. 40 feet (12.19 m) 

Because of the fact Chat detailed system configuration information 
was necessary Co accurately determine conductor length for the 
three system levels, an average conductor length was assumed and 
allowed Co vary from 2 to 40 feet. This illustrates the order of 
magnitude of conductor cost in $/m^ to ocher system costs. 

Therefore, the cost data for electrical conductors has been 
developed for a photovoltaic system consisting of three electrical 
system levels: panel, sub-array, and array. Both systems level 

operational voltage as well as systems level average conductor 
length have been allowed to vary to illustrate cost dependency on 


these two variables. 


In performing this analysis it was felt that system power loss due I 

to conductor electrical resiatance could play an important role in j 

determining the system economics. Therefore, a determination of 
I^R power loss was determined for all of the cases which are I 

presented above. This determination is explained in the ; 

following. 

11.3.3 DETERMINATION OF I^R POWER LOSS COSTS 

Because resistance increases with temperature, the I^R power 
loss was based on the same temperature, 60^C, that was used to j 

determine the allowable conductor size based on ampacity of the | 

c^^nductor. The following equation was applied. | 

(11.3.1) Rt - Rt [1 + at ^^2 “ ^ 0 ^ 

2 1 1 

Where t^ “ 25*C 

at “ 25® * 0.0038 

1 

t2 = 60’C 

Rf ■ resistance of copper at 25*C per 

1 1000 feet 

Rf = resistance of copper at 60“C per \ 

2 1000 feet i 

I 

Substituting gives: ’ 

(11.3.2) Rgo* = (1.133) R25* | 

1 

(Standard Handbook for Electrical Engineers, Fink and Beaty, ed.; j 


McGraw-Hill, 1978.) 


The deternlaatlon of the I^R power loss was based fA the peak 
power output of the array* As mentioned earlier, this peak power 
output was based on: 

• Solar Radiation ■ 800 w/m^ 

. Packing Efficiency ■ 94Z 
. Cell Efficiency - 13. 5Z 


The following equations were used In this determination : 

(11.3.3) (1.133) R 25 * (conductor length) * (2 conductors/panel) ■ 

Electrical Resistance/Panel 

(fi /Panel] 

(11.3*4) (Electrical Resistance/Panel) • (I^) * Power Loss/Panel] 

Peak 

[Watts/Paviel] 

Where 1 - Peak current output of panel (amps) 

(11*3.5) [Power Loss/Panel] * No* Panels/Array * [Power Loss/Array] 

Peak Peak 

[Watts] 

The following assumption was made to determine the cost of the “lost” power 
due to conductor resistance : 

System Cost * $1*50/Wattp 

Therefore. I^R Power Loss Costs are found by : 

(11.3.6) [Power Loss/Array] • $1.50/W t Area/Array 

Peak Peak 

■■ Power Loss Costs/Unit Area [$/m^] 


It was found (as will be presented later) that this l^R 
power-loss incurred cost was quite substantial. It should be 
remembered, however, that the determination of this cost lies 
directly in the assumption of the monetary worth of the lost 
power* For this study this value was assumed to be $1*50 per peak 
watt. It Is quite realistic to think that until system costs 
reach this level, that the Incurred cost Is considerably higher, 
and that the use of small gage, high resistance, conductor will 
Inflict great economic penalties on the system. This subject Is 
addressed In greater detail later In this section* 
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11.3.4 TERMINATION COST 


The three generic termination types that were considered in this 
study were: 

1. Crimp 

2. Plug and Receptacle 

3 . Screw 

The material and labor costs associated with these three 
electrical termination types were taken from a previous report 
( Photovoltaic Module Electrical Termination Design Requirement 
Study) . Motorola. Inc. /ITT Cannon, JPL Contract No. 955367). A 
tabular presentation of the costs is given in Table 11.12 as a 
function of current rating. Because voltage is considered to be a 
variable in this study, a cost dependency on current is therefore 
a necessary consideration. 


Table 11.12 


Termination Costs vs Current Rating 

Termination Type 

Crimp 

0-50 amps 
50-100 amps 
100-200 amps 
200**250 amps 

Plugs and Receptacles 

0-60 amps 
60-150 amps 
150-250 amps 

Screw 

0-50 amps 
50-175 amps 
175-250 amps 


(Quantities of 10^) 

Total Cost Per Connector ($) 


0.69 

0.93 

1.24 

1.33 


0.80 

1.25 

1.60 


4.78 

5.06 

5.28 

(per two connectors) 
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LABOR COST 


11 . 3.5 


Labor coat for the inatallation of conductor was based on the 1980 
MEANS CONSTRUCTION GUIDE. The coat of installing conductor rated 
up to 600 volts is a function of size, with the larger conductor 
requiring more cost per linear foot for installation. For the 
medium voltage, MV90 cable, it was assumed, based on means, that a 
20Z increase in labor cost would be incurred for the same size 
conductor. The sensitivity of overall system costs to this 
assumption is very low because of the negligible labor cost 
associated with the system electrical level at «diich this higher 
voltage conductor is found. The labor cost associated with the 
three termination types was included in the connector costs in 
Table 11.12 . The field labor rate for the Motorola/ ITT Cannon 
Study was $19. 15/hr., and the factory labor rate was $9. 70/hr. 

11.3.6 RESULTS 


Results of the electrical conductor/termination cost analysis are 
presented in this section. A very large amount of cost data was 
generated for this section, however, many of the cost-related 
curves have been excluded due to the expected repetition of trends 
among the various system configurations. For instance, curves 
which illustrate the dependency of conductor costs (material and 
labor) as well as the I^R power loss costs on the system level 
voltage are only given for one panel size (see Figures 11.3 and 
11.4). Though the curves are quite different for the other two 
panel sizes (they remain the same for the sub-array and array), it 
is only important that the cost trends be established. It should 
be noted that the Conductor Cost vs Voltage Curves shown in Figure 
11.3 represent the costs associated with the minimum-size 
acceptable conductor , based on the assumptions given in Section 
11.3.2. It must be noted that the minimum size conductor 
acceptable for a given application is less code related than 
economic related. From a system loss standpoint, the minimum 
conductor size will exceed Che code requirements. The type of 


cable used, however, is code restrictive and the reader should 
reference Section 7 on the NEC. Because of the magnitude of the 
costs associated with I^R power loss (see Figure 11.4) in these 
smaller conductors, the counter*balancing relationship between the 
higher cost and the lower resistances associated with larger 
conductors was investigated. Additionally, the increase in labor 
costs tdiich accompany larger conductors contributes to the 
offsetting of the benefits of lower electrical resistance. Only 
with a complete understanding of the magnitude and relationship of 
these factors was it possible to approach the selection of an 
optimum electrical conductor and its cost. 

Figure 11.3, Conductor Costs vs Voltage , illustrates the cost 
($/m^) of conductor material and labor versus system level 
voltage. This is given for the three system levels (panel, 
sub-array, and array) as well as for three average conductor 
lengths (2 ft., 10 ft., and 40 ft.). The increase in conductor 
length, as to be expected, only contributes a simple 
multiplicative term to the costs. However, it facilitates the 
understanding that for the lower voltage regions where a rapid 
increase in costs can occur, that substantial cost penalties can 
exist for long conductor leads. In addition to this, it can be 
seen that conductor lead length has a greater or lesser effect on 
cost, depending on the system level. For instance, a long 
conductor length for the 4' x 5' panel creates a major cost due to 
the fact that 768 panels are required to form an array of 1,427 
m^. It should be noted that no consideration for the cost 
penalty due to I^R cosi:s has been made in this curve. 

One other note of interest for this curve is the voltage level for 
which the panel conductor costs no longer decrease with increasing 
voltage. This voltage is approximately 150 volts for the 8* x 20* 
panel, and it is due to the fact that at this voltage (and 
greater) the minimum size that is acceptable becomes #18 AWG 
conductor. Therefore, no improvement in cost reduction occurs at 
higher voltages. When the I^R power losses are considered, 
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however, it will be shown Chet this simple relationship does not 
hold, and that certain economic incentive exists with operation at 
higher voltages. 

Figure 11.4, Cost Incurred by I^R Power Losses vs Voltage , 
illustrates Che reason why the conductor costs ere not s linear 
function of voltage for panel voltages greater Chan 150 volts. 
These conductor costs in Figure 11.4 are also based upon the 
smallest acceptable conductor determined from a derated ampacity 
rating (according to the National Electric Code). Substantial 
cost penalties are experienced at lower operating voltages if the 
smallest conductor allowable is used. The reasons that very 
little array conductor power loss/voltage dependency exists is due 
to the substantially lower linear footage of conductor used, 
coupled with Che very low electrical resistance experienced with 
conductors at Chat current level. The potential danger of large 
incurred costs due to this Joulean dissipation is found at the 
system's luwer power levels due Co: 

1. Ability to use smaller but higher resistance conductor. 

2. Larger number of conductors and thus increased length of Che 
resistive path. 

Again, it should be restembered Chat an actual cost associated with 
the power drop encountered in the leads is directly based on the 
assumed worth of the power produced. In this case, $1.50 per peak 
watt was used in this determination. A situation in which the 
life-cycle-cost analysis shows a produced power cost (worth) 
greater than this amount, places that much more emphasis on the 
cost of this lost power. 

The combined cost of material, labor, and I^R power loss allows 
for the determination of an optimum conductor size for a given 
system area and voltage. A family of curves have been developed 
which graphically delineate this cost as a function of conductor 
size. An example of this is given in Figures 11.5 through 11.7. 
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TOTAL CONDUCTOR COSTS VS. CONDUCTOR SIZE 



Conductor Size (# AVIG) 





TOTAL CONDUCTOR COSTS VS. CONDUCTOR SIZE 








These show the total conductor costs, as described above, as a 
function of conductor size for the 8* x 20* panel at three voltage 
levels and at three conductor lengths* It can be seen that a 
olnlmsB occurs for all cases, and that only at the larger voltages 
(lower current) do the costs show the least expensive conductor 
approaching the smallest allowable conductor* These cost curves 
are given for the sub-array and the array In Figures 11*8 through 
11*13* 

Once the minimum conductor cost was determined for the respective 
system level and voltage, more accurate cost/voltage curves were 
produced* Unlike Figure 11.3, these curves represent minimum 
conductor costs as a function of voltage* An example curve Is 
Illustrated In Figure 11*14 for the 8* x 20* panel, and curves for 
the sub-array and array are given in Figure 11*15 and 11*16* The 
data for the three panel sizes are presented in tabular form along 
with the mlnlmuffl-cost-conductor size In Table 11*13* 

It is Interesting to note what occurs In the region above 600 
volts for the sub-array and array* For the sub-array there Is no 
dependency of costs on voltage In this region* This Is because of 
Che fact that at 600 volts the sub-array current level Is 
relatively small, so that a minimum #6 AWG conductor suffices* 

The small decrease In current obtained by operating at 1000 volts 
is not enough to lower the I^R power loss noticably and thus the 
costs remain insensitive to voltage. This Is not the case for the 
array level, as seen from Figure 11*17* In the greater than 600 
volt region for the array, a conductor cost reduction does appear 
to occur as voltage increases* However, it appears that unless 
very long array conductor leads are expected, minimal. If any, 
savings can be expected from operating at system level voltages In 
excess of 600 volts* Additionally, extraneous NEC requirements, 
e*g* fences, may further prove high voltage operation economically 
uncompetitive in the commercial/lndustrlal sector* It may be 
possible that systems with power output in excess of 145 kilowatts 
will show hi^ voltage operation economical; however, systems of 
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' OF CONDUCTOR (MATERIAL & LABOR 
POWER loss) vs. conductor SIZE 



Conductor Size (# AWG) 


OF CONDUCTOR (MATERIAL & LABOR 
POWER loss; vs. conductor STZR 



Conductor Size (# AWG) 








POWER 



Conductor Size (MCM) 







Conductor Size (MV 90 Cable) 






MINIMUM CONDUCTOR COST VS. VOLTAGE 







MINIMUM CONDUCTOR COST VS. VOLTAGE 



Voltage (Volts) 





Table 11.13 


MIHINIM CONDUCTOR COST AND SIZE 
30 VOLTS 


Panel S^ae 

Conductor 

Mini«Ri« Coat ($/a^) 

Site (AWC) 


2' 

0.64 


4‘x5' 

10' 

3.22 

#10 or #12 


40' 

7.28 



2' 

0.47 


S'xZO* 

10' 

2.39 

#3 


40' 

9.64 



2' 

0.45 


8*x40' 

10' 

2.23 

#2/0 


40' 

9.00 




250 VOLTS 


Panel Sise 

Conductor 

Minienn Coat ($/a^) 

Size (AWC 


2' 

0.28 


4'x5' 

10' 

1.42 

#18 or #16 


40' 

5.68 



2' 

0.08 


8'x20' 

10' 

0.39 

#12 


40' 

1.56 



2' 

0.06 


8'x40' 

10' 

0.33 

#10 


40' 

1.31 




600 VOLTS 


Panel Site 

Conductor 

Minienia Coat ($/a^) 

Size (AWC) 


2' 

0.05 


8'x20' 

10' 

0.23 

#16 or #14 


40' 

0.93 

#16 


2' 

0.03 

#14 or #12 

8'x40* 

10' 

0.16 

#14 


40' 

0.69 

#12 


2' 

0.27 

#18 or #16 

4*x5' 

10' 

1.38 

#18 


40' 

5.44 

#18 
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this slzs in Che coonerclal/lndustrlsl sector will wst likely be 
unusually large and thus infrequently built* 

Based on the electrical teraination costs as presented in Section 
11.3.3, cost curves were produced as a function of voltage. These 
curves proved to show little cost ($/a^) dependency at any 
systea level as a function of voltage. However, because of the 
direct relationship between the panel size and the nuaber of 
electrical connectors required, the cost does show an laportant 
dependency on panel area* This is illustrated in Figure 11**17, 
Teraination Cost vs Area , where costs are deterained for three 
teraination types for 2S0 to 600 volts. It can be seen that 
electrical teraination costs ($/a^) increase quite draaatlcally 
below an area of ^proxiaately IS a^, with the screw type being 
the aost expensive and the criap type being the least* 

Table 11.14 gives the lowest conductor and teraination costs for 
three systea levels for the three panel areas considered In this 
study. The conductor costs include: aaterial, labor, and I^R 

power loss; and the teraination costs include: aaterial and 

labor* These costs were based on the following average conductor 
lead length for the three systea levels: 

1* Panel conductor length • 10 ft. 

2* Sub-array conductor length • 40 ft* 

3* Array conductor length ■ 10 ft. 

These costs show, based upon all of the previously aentioned 
assui^>tions used '.n rerforaing this cost analysis, that systea 
level voltages should be kept as cl( se tc 600 volts as poesible. 
However, closer inspection shows little cost sensitivity above 
certain voltages in soae cases; and therefore, further considera- 
tions, e.g. safety, aay persuade the systea designer to operate 
the systea at a lower voltage with a ainiaua cost penalty* The 
total costs are plotted in Figure 11*18* 
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TBRHINATION COST VS. PANEL AREA 



Panel Area (ti^) 






Table 11.14 


► 






Total Electrical Costs (Conductor Material & Labor, and Termination] 

(BEST CASE) 



PANEL 

SIZE 


SYSTEM LEVEL 

” 4’x5' 

(1.86 m2) 

8^x20' 
(14.9 m2) 

8‘x40' 
(29.7 m2) 

Panel 

Conductor: 1.38 0 600v 

Termination: 0.74 (crin^>) 

0.23 0 600v 
0.09 w/crimp 

0.16 0 600v 

0.05 w/crimp ^ PAR 

Sub-Array 

Conductor: 0.45 0 600v 

Termination: 0.007 w/crimp 

0.45 0 600v 
0.007 w/crimp 

0.45 0 600v 
0.007 w/crimp 

Array 

Conductor: 0.10 0 600v 

Termination: 

0.10 0 600v 

0.10 0 600v 


1 


Assumptions; 


1. Average panel conductor length » 10*. 

2. Average Sub^Array conductor length * 40*. 

3. System leads « 10'. 


Panel Size 4'x5' 


TOTAL COSTS [$/m2] 
8'x20' 


8'x40' 


j 


\ 


i 

i 



11*3.7 COST DRIVERS 


An important aspect of any costing analysis is the determination 
of the cost drivers. Using the optimized results of Table 11.14 
shown previously, the following cost distributions were created. 
This cost breakdown is given for the three panel sizes that were 
considered in this analysis. 


Panel Size 

Percent of Total 

m 

44Z 
8 % 

28 Z 


Total = $2.68/m2 


I. 4' X 5' 


Conductor Cost: 
Haterial 
Labor 

Incurred Cost 
Termination Cost 


I^R 


$0.56/m2 

$1.17/m2 

$0.21/m2 

$0.74/m^ 


It can be seen that for the 4' x 5' panel array, a majority of the 
cost lies in the labor cost of installing the conductors. This 
occurs due to the large number of panels required to make up the 
1,427 array. It is interesting to note that if the smallest 
allowable conductor was used instead of the optimum-cost 
conductor, the total cost would have been $7.84/m2 and the I^R 
power loss cost would have contributed 72% to this. 


Panel Size 


Percent 

II. 8* X 20* Conductor Cost: of Total 

Material - ($0.285/$0.31)/m2 32Z/3551 

Labor - $0.24/m^ 27% 

I^R Incurred Cost - $0.27/m^ 28%/26% 

Termination - $0.10/m^ 11% 


Total ® $0.88/m^ 

The two costs given for the material and the I^R costs above 
represent #16 and #14 AWG conductor respectively. This larger 
panel reduces the cost driver of the 4* x 5* (the conductor labor) 
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to 27 percent. A relatively even distribution of cost occurs for 
this 8* X 20' panel among the conductor material, conductor labor, 
and I^R incurred cost. The termination costs contribute only 11 
percent to the total. 


Panel Size 


III. 8' X 40' 


Conductor Cost: 
Material 
Labor 

I^R Incurred Cost 
Termination Cost 


$0.28/m2 

$0.14/m2 

$0.27/m2 

$0.06/m2 


Percent 
of Total 
37% 
19% 
36% 
8 % 


Total * $0*75/m^ 


The coat drivers for this large 8' x 40' panel are the conductor 
material cost and the I^R incurred cost. Because of the limited 
number of terminations required, the related costs contribute only 
8% of the total. 


In summary, the development of cost data has allowed the cost 
drivers to percipitate out as a function of the panel size. It 
should first be remembered that the above figures are directly a 
function of the average conductor lengths assumed in Table 11.14. 
Any alteration in these lengths would most certainly affect the 
cost distribution. This "percent of total cost" trend is depicted 
graphically in Figure 11.19 on the following page. It is clearly 
shown that conductor labor and termination (material and labor) 
costs fall off in percent contributed as the panel size increases. 
The conductor material and the I^R incurred costs, however, 
increase as panel area, and thus power, increases. 
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PERCENT OF TOTAL COST VS. AREA 





SECTION 12 

OPERATION AND MAINTENANCE 


12.1 INTRODUCTION 


The objective of this section Is to assess the Impact of the character- 
istics of operation and maintenance on photovoltaic modules and panels If 
they are to be Introduced Into the coomerclal/lndustrlal sector of the 
building Industry. The approach used was to Identify the general charac- 
teristics of commercial maintenance and how they may affect photovoltaic 
arrays, then determine the positive and negative attributes of specific 
design criteria with respect to maintenance. 

Definitions 


. Serviceability Is a measure of the degree to which servicing the 

component can be accomplished under specified conditions within a given 
amount of time. Servicing Is the performance of operations Intended to 
sustain the Intended operation of the component; this Includes such 
Items as painting and Inspecting for mechanical and electrical 
Integrity, but does not Include periodic replacement of parts or any 
corrective maintenance tasks. 

. Maintainability Is a design and Inscallatlon characteristic Indicating 
the degree of ease with which a component can be restored to Its proper 
operation condition. Maintainability is generally stated as the 
quantity of time required to restore or repair failures. 

. Periodic maintenance Is the action of performing normal maintenance 
procedures on a systematic basis by scheduling service and replacement 
of components In order to maintain performance or prevent failure. 

. Preventive maintenance programs are planned procedures designed to 
retain a piece of equipment or a conq>onent at a specified level of 
performance. 


« Corrective maintenance is an action taken as a result of failure in 
order to return an item to a specified level of performance^ 

• Accessibility is the quality or state of being easy to access. 

• Repairability is the quality or state of being easy to repair. 

• Cleanability is the quality or state of being easy to clean. 

12.2 CHARACTERISTICS OF MAINTENANCE 


Maintenance is the general servicing, repair or replacement of a 
component, system, or piece of equipment. There are basically two phases 
of any maintenance program: Preventative and corrective maintenance. 

Preventative maintenance programs are planned and scheduled procedures 
which are enacted to retain a component at a specified performance level. 
They are also a method of budgeting and controlling maintenance expense. 
This may be accomplished by providing systematic inspections and 
maintenance for the detection and prevention of impending failures* A 
preventative maintenance plan for equipment or systems should minimize the 
frequency and difficulty of servicing, while providing maximum performance 
and prolonged life. These preventative maintenance programs should be 
established by the manufacturers of the system's components. 

Corrective maintenance programs are procedures performed as a result of 
failure in order to restore a component or system to its designed level of 
performance. Tasks included in such programs include testing, failure 
isolation, and repair/ replacement. 

Should an owner determine not to implement a planned maintenance program, 
then the equipment will operate until it fails. This is, however, not a 
recommended approach. If a general maintenance program is not adhered to, 
it is recommended that any safety devices in the system be periodically 
inspected to insure operability* 
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All maintenance programs include to some degree the following: 

1« Management maintenance policy, which consists of the objectives and 
type of maintenance program, the personnel required, organization, 
performance schedules, and cost information. 

2. Records of the systems, systems components, and associated equipment 
including: 

a. Construction drawings and specifications 

b. As-built drawings 

c. Shop drawings and equipment catalogs 

d. Servicing instructions, maintenance instructions, troubleshooting 
checklists and spare parts lists. 

e« Service and spare parts sources* 
f. Systems diagrams. 

3. Procedures and Schedules. This is the most important part of the 
maintenance program and relates to the operation, inspection, 
servicing, repairing and replacement of components and equipment. At 
a minimum, it includes the following requirements: 

a. Operating instructions. 

1. Starting and shutdown procedures. 

2. Seasonal adjustments. 

3. Logging and recording. 

b. Inspection 

1. That equipment to be inspected 

2. Points of inspection 

3. Time of inspection 
Methods of inspection 

5. Evaluation, recording and reporting 

c. Service and repair 

1 . Frequency of service 

2. Service procedures 

3. Repair procedures 

4. Reporting 


12-3 


4* Operating and Maintenance Manuals. Operating and maintenance manuals 
provide instructions and information pertaining to the overall system. 
These manuals should be prepared by the system designer in conjunction 
with and/or including the component manufacturer’s appropriate 
maintenance information. All preventative maintenance procedures 
should be included with adequate information to perform the necessary 
procedures. Required routine maintenance actions should also be 
included in the maintenance manual and are typically incorporated on a 
permanent label attached to the equipment. However, this label may 
merely indicate the required procedure which is more greatly explained 
in the operation and maintenance manual. 

The operation and maintenance manual can be organized in two parts, 
with Fart I containing information on the system, and Part II covering 
the equipment components in the overall system. 

Characteristics of Commercial Maintenance 


In the commercial sector, the building owner is most often the principal 
charged with the responsibility of maintenance. In some cases, however, 
the tenant may be responsible for part or all of the maintenance. In 
either case, the party responsible for maintenance must determine: 

a. What type of maintenance program to adopt. 

b. Whether to provide for operation and maintenance by his own staff, or 
by contract. 

The general skill level of most maintenance personnel retained by 
commercial organizations allows for the execution of relatively easy and 
minor maintenance practices. These include such items as cleaning and 
painting, and in some cases, lubricating and minor adjustments. However, 
detailed and technical maintenance practices are not typically performed 
by maintenance personnel employed by commercial organizations. These more 
complex tasks are carried out by more qualified individuals who are 
contracted under a short-term or long-term agreement. 
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There are generally three types of contracted maintenance: 

1. Single service call where parts and labor are extra. 

{ 2. Periodic service call where parts and labor are extra, 

j 3. Preventative maintenance where parts and labor are included. 

i 

! 

j The single service call where parts and labor are extra is usually 

! initiated by the owner or tenant contacting the service organization and 

requesting assistance. Most service organizstions charge a service fee 
for travel time and expenses to and from the site. Labor time spent 
inspecting, repairing or maintaining equipment is charged in addition to 
^ the service fee. Cost of parts required when repairing a system is also 

I an additional charge. 

i 

i 

t 

The periodic service call where parts and labor are extra usually includes 
inspections and maintenance which are part of a preventative maintenance 
program. The frequency and type of inspections and maintenance are 

t 

usually specified in a contractual agreement between the owner or tenant 
I and the maintenance organization* The fee for performing the inspections 

and maintenance is also part of the contractural agreement. Any parts or 

I labor required for repair or maintenance but not included in the 

contractual agreement are billed in addition to the contract fee. 




In preventative maintenance cont**acts where parts and labor are included, 
the maintenance organization is solely responsible for maintaining the 
equipment or system. During the life of the contract, the maintenance 
organization charges a single fee that covers all inspections, maintenance 
and repairs on the equipment or system. The fee is specified as part of 
the contractual agreement between the owner or tenant and the maintenance 
organization. 

Characteristics of Conmercial Maintenance Relative to Photovoltaics 

The maintenance of photovoltaic panels and arrays in commercial 
applications requires varying skill levels in order to accomplish the many 
and varied maintenance tasks associated with these devices. Maintenance 
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C«0ks which are apecifically related to photovoltaic panels include: 
panel replacement, cleaning, wiring repair, termination repair, and 
problem detection. There are also many general maintenance procedures 
which will be performed on the photovoltaic array in order to maintain a 
specified array output over the life of the system. 

Of the above mentioned tasks, only general maintenance procedures, such as 
painting, partial cleaning, and perhaps visual inspection, will be 
performed by the typical maintenance staff employed by the connerical 
organization. The remainder of these tasks will be performed under 
contract or by arrangement by professionals. 

It is important to note the photovoltaic array is not a complex apparatus; 
it is an electrical generator. To the general building owner, tenant, or 
the general maintenance personnel, electricity is a dangerous and complex 
phenomenon. Therefore, in the minds of most of these people, only quali- 
fied personnel should perform maintenance tasks on electrical equipment. 
Special problems arise when dealing with photovoltaic panels, as they are 
electrically active «dien exposed to light. This increases the general 
fear factor related to working on electrical equipment and decreases the 
likelihood of building owner, tenant, or the general maintenance personnel 
involvement in maintenance/repair operations. With photovoltaic panels 
being electrically active during daylight hours, special precautions must 
be taken before any maintenance tasks can be performed. As several of 
these procedures are required on the systems level, it is important that 
the system designer has a good understanding of the potential maintenance 
procedures required during the life of the system. It is important to 
measure for leakage current to ground as trell as any leakage current 
through the frame of the system. As an overall precaution, the system 
should not be considered sale until checked with the appropriate 
measurement. The array is then ready for any maintenance procedures. 

Specific safety procedures must be developed for individual photovoltaic 
power systems. Each component in a system should be supplied from the 
msnufacturer with an instruction manual which should include a descriptiou 
of all safety precautions and procedures. The system designer or the 
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systM supplier should provide e sysCesM Mineensoce sumuel describing ell 
nsintenence procedures end schedules deteiling the necesssry sefety 
procedures. By edhering to Che guidelines esteblished in the swintenence 
oMnuel, Che errey should be in e *'sefe condition" before neintenence 
ections ere initieted. 

For e deteiled description of en exeaple sefety procedure releted to 
photovolteic erreys, see "Sefe Procedures for the 25kif Soler Photovolteic 
Arrey eC Need, Nebreska" by Hessechusetts Institute of Technology Lincoln 
Laboratory, 7 April 1978. The sefety procedures recomownded by Che 
manufacturers end the photovoltaic systems designer must be adhered to in 
order to insure Che sefe and successful performance of ell meintenance 
actions. 

Because of Che physical size of connercial photovoltaic arrays, automated 
service platforms for cleaning and repair of the arrays are often 
justified. The automated platforms can result in a savings in manpower 
required to service an array, and when properly designed are more safe 
than most conventional service structures. By making it more convenient 
to service Che array, the automated service platform may help Co insure 
that service is performed as scheduled, or as required. 

12.3 DESIGN CRITERU AFFECTING MAINTENANCE 


The design criteria for commercial photovoltaic arrays which affects the 
maintainability of Chose arrays is generally a function of the following 
characteristics: 

. Panel /Array Mounting Type 
. Installation/Replacement Type 
. Wiring Location 
. Termination Type 
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Panel/Array Mounting Type D«»cription 


The four generic roouncing types identified and defined in Section 5 of 
this document and listed below each have unique characteristics. For this 
reason, they are handled separately in the remainder of this description. 

. Rack Mounting 
. Standoff Mounting 
. Direct Mounting 
. Integral Mounting 

1. Rack Mounting: Rack mounted photovoltaic arrays can be located on the 

ground away from the building or on the roof of the building. Of the 
four mounting types, rack mounted panels are perhaps the easiest to 
Install and maintain. This is due to the relative ease of 
accessibility to both the front and back surfaces of the panel. This 
is especially true of ground mounted arrays. Panels can be easily 
cleaned, wiring systems are easily accessible, and generally, mounting 
systems are easily reached for panel replacement. Also, as this 
mounting type does not require array waterproofing, a minimum amount 
and number of materials are used in this installation. Therefore, 
during maintenance procedures, such as panel replacement, additional 
costs are not required for the replacement of expensive materials 
other than the panel itself; i.e., no expensive gaskets or 
waterproofing materials are required. 

There are, however, some drawbacks to rack mounting of PV arrays. 
Structural costs, both initial and maintenance, can be high for this 
type of mounting technique. As seen in earlier studies, the use of 
wood, by virtue of its low cost, is reconssended for rack mounted 
arrays. This implies either specially treated woods or the painting 
of the rack structure. This requires additional maintenance tasks be 
perforsied over the life of the array. Another critical problem 
associated with rack mounted arrays and related to the SMintenance of 
such arrays is the areas around the roof penetration caused by the 
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F 4 ck. Sp«ci«l detailing and care muat be given to these roof 
penetrations to insure the watertight integrity of the roof. 
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2. Standoff Mounting; Eleaents that separate modules or panels from the 
roof or wall surface are knoim as standoffs. By supporting the panel 
away from the surface, air and water can pass freely behind the 
module. However, if the panel to roof surface distance is small and 
does not allow easy access of the rear surface of the panel, all 
installation and maintenance procedures need to be performed from the 
easily accessed top surface. This will require specially designed 
mounting details and electrical integration details. 

However, this isounting type may utilize fewer smterials associated 
with structural support of the array. As with the rack mounted 
arrays, special attention must be given to the detailing of any voof 
penetrations. This implies that the overall installation costs for a 
standoff mounted array may be less than that associated with a rack 
mounted array. This does not imply that the costs relative to 
operation and maintenance will be lower. Unless considerable effort 
is employed in the design of the array, the standoff mounted array 
will be extremely difficult and costly to maintain. 

3. Direct Mounting: Installation of direct mounted panels is accom> 

plished by attaching the panels directly to the roof or wall surface. 
This mounting type eliminates the need for additional structural 
supports. Special care must be used in developing and detailing 
direct mounting modules as they act as a waterproof > sbrane. If a 
typical panel is used, perimeter waterproofing is needed; if a simple 
overlapping technique is used, it will afford a watertight surface. 
However, the overlapping isodule may be more expensive to replace, as 
other modules will be disturbed during such operations. 






i 


Due to the direct mounted system's inherent contact with the roof, 
several major problems exist. These problems are similar to those 
experienced when using a standoff mounted system. It is necessary for 
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all installation and electrical terainations to occur on the exposed 
surface, thus allowing easy installation, maintenance and rupair 
procedures . 

With overlap type modules, special consideration must be given to the 
iiiaintenance procedure as the interruption of surrounding modules must 
be nini'^iized to reduce the probability of damaging additional 
modules . 

4. Integral Mounting: Integrally mounted panels are placed within the 

roof or w .1 structure itself. The panels are supported by the 
existing structural framing members and serve as the finished surface. 
Therefore, the roof or wall becomes a waterproof membrane. With the 
array acting as the roof or wall, special problems exist. In the 
event that a photovoltaic panel must be removed, it is imperative that 
a replacement be installed immediately. Without a replacement, the 
building is then open to the weather increasing the risk of damage to 
the interior. 

Installation and electrical connections, as well as maintenance 
procedures, may be performed from the inside of the building provided 
the panels are not attached above a cathedral ceiling. This mounting 
technique allows for venting of the back surface of the panel. 

However, uneven heating of the array may occur in the event that 
iiq>roper venting occurs in the space between the array and the 
interior of the building. Therefore, care must be taken during the 
maintenance operation to insure that proper ventilation continues in 
this dead space. 

Maintenance operations associated with the repair and replacement of 
wiring, the detection of electrical problems, and the general electri- 
cal testing of the array can take place during any weather conditions 
as these operations can take place under the cover of the roof of the 
building. It should also be noted that no additional roof structure 
and associated maintenance of said structure will be required in this 
mounting system, as this structure is not exposed to the environment. 
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Installation/ReplacemeR:: Type Description 


In panelized construction there are three categories into which 
installation and maintenance operations may fail* These classifications 
relate to the installation/replacement type and the procedures necessary 
to perform these operations* These three categories are: 

1, Sequential 
2« Partial Interruption 
3 • Independent 

Each of these categories imposes certain designj installation and 
maintenance requirements on the panel and array* The installation, 
operation and maintenance requirements will be considerably different for 
each of the three categories* 

The following is a brief description of each of the three panel 
construction types: 

1* Sequential: Sequential paneling requires the successive installation 

and/or removal of panels* A good example of sequential paneling 
installation is that used for insulated tongue and groove wall panels. 
The rows are successively installed from one corner of the building to 
the next. In the event that a panel in the wall is damaged, the 
replacement of that panel requires the removal of all panels between 
the damaged panel and the nearest corner* 

This construction type is the most difficult to replace* In order to 
successfully utilize sequential paneling for photovoltaic systems, it 
is necessary to reduce the need for maintenance, requiring replacment 
of panels, by insuring long, uninterrupted life of the panel. This 
requirement may impose severe restrictions on the materials and 
packaging of photovoltaic arrays* Therefore, it is necessary to 
perform a thorough optimization relating initial costs and maintenance 
costs over the expected life of the system* 
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Due to the potential for high maintenance costs associated with 
sequential paneling systems^ it is not likely in the near future to 
find photovoltaic modules requiring strict sequential paneling 
techniques in maintenance operations* It is possible» however, to 
have panels requiring sequential installation while modules utilize 
partial interruption or independent techniques. 

2. Partial Interruption: A building panel which falls into a partial 

interruption category can be replaced by disturbing only the adjacent 
modules. This technique will be more expensive to use for the 
installation of panels but less expensive to maintain than the 
sequential paneling technique, if it is used for mounting modules into 
panels. It will be possible in this technique for adjacent modules to 
use common parts. However, due to the use of common parts it becomes 
necessary to disturb the surrounding modules during certain 
maintenance procedures, such as panel replacement. In the event that 
a module must be removed from this type system, it is necessary to 
replace it immediately with a new panel or a dummy panel to insure the 
integrity of the mounting system* 

3. Independent: Independent paneling is a penalized construction where 

panels or modules can be installed, removed and replaced for 
maintenance with no additional interruptions or disturbances of the 
surrounding panels. This panelized construction technique is the 
least difficult to maintain but is the most widely used in commercial 
construction because it is generally the most efficient from an 
installation standpoint. However, materials cannot be shared by 
adjacent panels thus increasing the number of materials associated 
with this technique. 

Wiring Location 

Wiring should be designed of such a quality that normal operation of the 
photovoltaic array in any climate should not degrade the wiring in any 
manner. Insulation, conduit and conductors, therefore, should be designed 
to function for the life of the array. Occasionally, however, factors 
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beyond the control of the designer may damage the wiring; such factors 
include vandals, vermin and unusual environmental conditions. It is 
possible for a vandal to cut insulation on wiring or even shear wiring 
with a knife or pair of wire cutters and risk receiving an electrical 
shock that could be fatal. In such a case, the owner may be held legally 
responsible for the vandal's death or injuries. Vermin could gnaw 
insulation of a wire or even sever a wire completely, in which case the 
animal may also receive a fatal shock. Extreme environmental conditions 
which could damage wiring include thermal cycling, high winds, and 
airborne pollutants such as ozone. 


\ 
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Regardless of the cause, wiring degradation occurs on three levels - 
universal degradation of insulation, localized shearing of conductors and 
insulation, and localized insulation failure. Universal degradation of 
insulation requires replacement of the of the wire involved. 

Procedures for wire replacement require the removal of the wire from the 
terminal contacts at each end, removing the wire from its location, 
relocating a new wire, and connecting the ends of the new wire to the 
terminal connectors. Localized shearing can be repaired either by 
replacing the wire or by reconnecting the wire with a modular quick 
connect terminal or by splicing. Localized insulation failure can be 
repaired by any of the repair procedures previously mentioned but may 
simply require a wraparound device capable of insulating the conductor. 


The ease of performing the above mentioned procedures is dependent upon 

i 

the mounting type, the location of the wiring with respect to the module, 
and the location of the array, be it ground or roof mounted. The 
replacement operations for exposed wiring may be accomplished with little 
difficulty. Wiring located within a cable bus requires the additional 
operation of removing a cover or access panel before proceeding with the 
wiring replacement procedure. Defective wiring within a conduit must be 
removed from the conduit before repairs can commence. Wiring located 
beneath panels may require the removal of one or more panels for wiring 
repair unless some other means of access is provided. 
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Tenninatioo Type 


Terminals should be designed to withstand normal operating stresses, and 
sealed to prevent corrosion or oxidation of metal contacts. Wiring should 
be secured in the terminal housing to provide reasonable resistance to 
dislocation of the contacts. In the event that operating stresses exceed 
the design limits and/or seals are broken, terminals may require repair or 
replacement. Damage to terminals could result from mishandling during 
installation, improper installation, carelessness during maintenance or 
replacement operations, vandalism, vermin and unusual environmental 
conditions. Causes for damaged terminals are dependent on terminal type, 
design and location. Three terminal types have been identified as 
candidates for the electrical interconnects of photovoltaic panels: 
crimp, screw, and plug/receptacle. 

Two major factors, accessibility and repairability, dictate the procedures 
used for the repair or replace.jent of terminals. Terminals integral to 
and mounted beneath modules require the removal of the module in order to 
gain access to a damaged terminal unless some other means of access is 
provided. Terminals located within a J-Box or under a covering along the 
side of the panel require only the removal of a cover panel for access to 
the terminals. J-Boxes normally protrude from the side or the back 
surface of a panel. During installation and replacement operations, such 
a protrusion could be accidentally sheared at the connection points to the 
panel. However, such locations provide a measure of protection against 
carelessness during maintenance operations, vandalism and vermin due to 
the limited accessibility to the terminals. The back surface location of 
the J-Box also provides protection from most environmental conditions with 
the exception of pollutants in the atmosphere which may cause gasket 
deterioration and/or contact corrosion. 

Procedures specific to the repairing of a J-Box vary with the nature of 
the problem requiring corrective actions and the location of each J-Box. 
Damaged cover seals require the removal of the cover plate, removal of the 
seal, installation of a new seal and the installation of the rebuilt or 
new cover plate. Additional tasks may be required in the event that 
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internal damage has taken place as a result of a damaged cover plate. 
Corrosion of contacts within the J-Box requires the removal of the cover 
plate, spray cleaning of the contacts with a non-conduct ive spray cleaner, 
and reins tallat ion of the cover plate. Reattaching wires within a J-Box 
requires the removal of the cover plate, the removal of wire nuts 
connecting the wires, removal of the cable connector, clamping the cable 
connector to secure the cable, stripping insulation from the conductors, 
twisting wire nuts onto wire pairs, and the reinstallation of the cover 
plate. A J-Box sheared cleanly from the module without damage to the box 
or module may require the removal of the cover plate to gain access to the 
fastening devices to secure the J-Box to the panel. It is important to 
note that with all maintenance procedures requiring access to wiring, 
extreme caution should be taken to avoid the potential of shock hazards. 

Modular quick connectors, e.g. the crimp or plug/receptacle, may be 
located at the end of a wire protruding from the front, side, or back of a 
photovoltaic panel. During installation and replacement operations, 
conductor terminations could be accidentally dislodged from the boot which 
shields the conductor. Locating the terminal on the back or side of the 
module limits accessibility to the terminal, but affords protection from 
careless maintenance men, vandals and vermin. Terminals located on the 
face of the panel or those mounted on the side, which are exposed to 
weathering, may experience deterioration of contacts due to corrosion, and 
material degradation if the proper materials are not used and proper 
protection is not afforded. 

The procedures specific to the repair and replacement of modular quick 
connectors will vary with the type used. 
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SECTION 13 
CONCLUSIONS 


Until extensive In-field testing of photovoltaic hardware and systems has 
established a base on which code officials can assess the proper use of a PV 
device, manufacturers should design modules for electrical production only 
and not major building components* 

Until such time as photovoltalcs Is addressed in the codes or a data base on 
performance and applications details Is established, each Installation In 
the commercial/industrial sector t^ll be required to seek a code variance 
from the local code governing bodies* 

Widespread PV utilization la commercial construction projects will probably 
occur only when building codes specifically recognize photovoltaic modules 
and arrays* 

* Early restrictions may be placed upon PV modules and arrays based upon 
correlation or Interpretation with existing code references* 

* Design professionals and code officials must assume a certain amount of 
legal liability for materials and assemblies specified for buildings 
which are not addressed by the building codes* 

Integrally mounted arrays will be subject to a much broader range of 
interpretations (and thus restrictions) than rack, standoff or direct 
mounts* 

Wall, roof and ground mounted PV arrays will be separately addressed by code 
officials* 

* Code Interpretations for wall mounted arrays will depend primarily upon 
appearance and structural requirements and const Ituant materials* 
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• Code interpretations for roof mounted arrays will depend primarily upon 
mounting configuration and constituent materials of the PV array* 

. Code interpretations for ground mounted arrays will depend prisMrily upon 
proximity to buildings, propensity for human contact and location within 
or outside fire districts. 

The photovoltiac system as producer of electricity will need to meet the 
electrical wiring design requiresmnts as stipulated by the National Electric 
Code. 

The design of the electrical system hardware should take the total system 
into consideration, including: 

. Mounting type 

. Electrical characteristics of components 
. Series /parallel arrangement 

. Physical requirements imposed through array design; e.g., environmental 
exposure. 

The certifications of a photovoltaic module/panel by a recognized testing 
laboratory as prewired electrical equipment would facilitate acceptance by 
code officials. 

The consideration of potential wiring damage in the cooiKrcial/industrial 
sector should be made and appropriate steps taken to alleviate that 
potential through system redesign or conductor covering. 

There are three general approaches in constructing a safe and effective 
wiring system for photovoltaics: 

. Exposed insulated cables 
. Insulated cables in open raceways 
. Insulated conductors in closed raceways 
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Each of these methods has a place ia a building application and each may be 
used in a PV system. 

10. PV array conductor sizing should be based upon: 

. Maximum Short-circuit current 

. Physical arrangement of conductors; e.g., in a conduit 
. Temperature of the conductor's operating environment 
. Desired voltage drop 

11. Comnercial/industrisl users of PV will need to meet more stringent 
electrical safeguards when voltages are in excess of 600 volts. Voltage 
level will depend on array level, i.e. panel, subgroup or total array; 
size; losses; safety; etc. Voltage levels from 30 volts to greater than 
1000 volts are possible from the code viewpoint. Economics will greatly 
influence this decision, and each project must be evaluated to determine 
the appropriate level. 

12. Module voltage level will be determined based on the potential safety 
hazards associated with the handling of modules. 

13. PV electrical wiring termination needs to meet performance standards as 
established by such bodies as Underwriters' Laboratories and ASTN. The 
three most viable generic electrical terminals appear to be: 

. Crimp 
. Screw 

. Plug and receptacle 

14. PV array grounding philosophy should be developed with a total system 
consideration. Proper PV system grounding should be characterized by the 
following: 

. Exposed-conductive-material, redundant array grounding 
. Inverter metallic enclosure grounding 
. Isolation transformer to separate OC/AC components 
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• Ungrounded otetalllc battery support/enclosure 

* Ungrounded and inaccessible conductor metallic enclosure 
. Ungrounded system leads 

15* All PV arrays should incorporate the use of surge arrestors to reduce the 
potential loss of life and property due to lightning* Air terminals can 
also reduce the possibility of lightning related damage* tut may not be 
cost effective* 

16* Insurance premiums, tax deductions, depreciation, and utility rates all 
play an Important role in determining system economies in the commercial/ 
industrial market, but first cost is of primary concern in most cases* 

17* The greatest flexibility in integration with conventional building struc** 
tural systems is realized with 4* x 5* nominal modules* NOTE : This is a 

center-to-center dimension, not an actual module dimension, and design of 
the module must consider the desired panel dimensions* 

18* The maximum recommended panel size is 8* x 40* which is based on maximum 
standard shipping sizes* 

19* Architectural design flexibility of a panel will greatly Influence the size 
and shape of the panel* The Joints Internal to the panel should provide 
this visual flexibility* 
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SECTION 14 
RECOMMENDATIONS 


1« Major emphasis should continue to be placed on the development of safety 

standards for photovoltalcs* Only through the development of such standards 
will a successful market debut occur. 

2. PV manufacturers should place design emphasis on the whole system, 

consisting of: modules, electrical conductors and terminals, and mounting 

hardware* 

3* Submittal of the array subsystem to a recognized testing laboratory would 
facilitate easy code acceptance in the field for listed systems* "Prewired 
electrical equipment" status would remove the burden of component acceptance 
Interpretation on the part of the code official* 

4* It is strongly recommended that early PV modules, panels and arrays be 
designed as single function systems only In order to eliminate as many of 
the code official's concerns as possible, thus easing the code variance 
process* As more in-fleld data is obtained and as the Issue of PV Is 
addressed In the code, modules may then be designed to perform 
multi-functions* 

5* PV manufacturers should put Into motion the mechanisms for specific building 
code acceptance* Dialog should be occurring between manufacturers and the 
code developing bodies responsible for the building codes and the electrical 
code* 

6* Particular attention should be placed upon educational services for design 
professionals, code officials, building owners, developers, and other 
participants in the building sequence, by PV product manufacturers if 
photovoltaic hardware is to be used in the building industry* 

7* All PV manufacturers should open lines of communicatlori with the 

Underwriters' Laboratories to achieve fire resistance rating classification 
in the U*L* Fire Resistance Directory and/or Building Products Directory. 
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